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Present communication networks aboard aircraft carriers intro-
duce inefficiency into the aircraft handling operation. A previous study,
named CADOCS, failed to solve the problem by a method involving
computer simulation. This study proposes a solution to the aircraft
handling problem by use of a system of computer graphics terminals
and interactive or "man-in-the-loop" programming. The study includes
a proposed communication network, a discussion of the types of com-
puter graphics hardware now available, a discussion of interactive
programming, and a preliminary computer graphics program for two
displays in the proposed system.
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We are all somewhat familiar with the romantic beginnings of
Naval Aviation, and its progress from the primitive Langley to the
viable fighting force that it proved to be in World War II. In those days
of propeller aircraft the operational doctrine employed by the carriers
was to fuel and arm the bulk of the aircraft aboard, perform the mission,
return to the carrier, and repeat the process. No closed time cycle
system was required. This doctrine continued into the Korean War.
It was in the midst of this conflict that the jet made its debut as a
carrier aircraft, and caused a dramatic change in the operating
procedure.
Whereas propeller aircraft could loiter for extended periods, the
higher rate of fuel consumption of a jet aircraft demands that a much
higher flight deck availability be provided upon its return from a
mission. Hence the introduction of the cycle --a smaller number of
aircraft would be launched and, while they were performing their
mission, the remainder of the attack force would be replenished.
Then these aircraft could be launched to free the flight deck for the
returning aircraft from the first launch.
While this solution greatly eased the short endurance problem of
the jet, it also greatly compounded the problems of the evolution known

as the "respot. " Without experience aboard an operating carrier it is
difficult to imagine the complexity of the aircraft respot operation. It
is best illustrated by observing the sequence of events as a returning
aircraft recovers on the flight deck. After clearing the arresting
gear the pilot usually taxis the aircraft forward, where it is chained
down. Re-fueling and general servicing of the aircraft begin immed-
iately, even before the rest of the returning aircraft land. Upon re-
covery of all returning aircraft, those that were chained down forward
are towed aft to clear the catapults for the upcoming launch. After
being chained down again, fueling and servicing is completed on those
aircraft which still require it. Concurrently with these events, weapons
are broken out from below decks and loaded onto the aircraft. Aircraft
with maintenance problems deemed too serious or time consuming to
be ready for the next launch are either stashed out of the way on the
flight deck or snaked through the changing pattern of tightly packed
aircraft to an elevator so that they may be transported to the hanger
deck. Twenty to thirty minutes prior to launch, pilots and crewmen
stream onto the flight deck to pre-flight and man their aircraft. About
ten minutes before launch, ground support equipment (GSE) swarm
around the aircraft to provide the compressed air to start the jet
engines. Aircraft are then unchained again and taxied in an orderly
manner along predetermined routes to the various catapults where
they await their turn for launch.

Besides the confusion generated by the large number of men and
various types of equipment needed for the above evolution, the prob-
lem is further complicated by constraints such as maneuvering restric-
tions on elevator use, availability and distance limitations of aircraft
electrical sources and fuel lines, special position considerations for
weapons loading and maintenance, and the need for rapid re-planning
to accommodate unexpected mission changes and emergency situations.
The burden of most of the movement planning of aircraft for a
particular spotting arrangement falls on the Aircraft Handling Officer
(ACHO). His decisions are based on data collected via sound powered
phones, ships telephone circuits, and messenger. The information is
displayed by and on status boards and a scaled, two-dimensional model
of the flight and hanger decks upon which are placed templates of
specific aircraft in their relative positions. It is somewhat strange
that such outdated methods are employed in this very critical phase of
carrier operation; for the whole efficiency of the carrier hinges on its
ability to expeditiously and safely recover, re-arm, re-fuel, and
launch its aircraft. The lack of improvement in this area is even more
unbelievable when it is compared to the major revisions and improve-
ments which have been made in other systems such as Damage Control
Central, Combat Information Center, NTDS, and Carrier Air Tactical
Control Center.
In the mid 1960's work was begun to ease this problem with a
project called Carrier Aircraft Deck Operations Control System
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(CADOCS). This project's basic philosophy was that, since the aircraft
handling problem was of cyclic nature, it was readily adaptable to
simulation on a digital computer. By utilization of the computer's
organizational ability and efficiency it was intended that the planning
phase of flight deck handling would be both improved and accomplished
in less time. Data were to be input from various control stations,
and the computer's recommendations were to be displayed via the
cathode ray tube (CRT) of a Computer Graphics system. Unfortunately,
a suitable computer simulation of the respot evolution has yet to be
developed, and in this author's opinion is infeasible for reasons dis-
cussed in a later chapter. Nonetheless, there are aspects of the
CADOCS system which have much merit and can increase the efficiency
of aircraft handling, supply, maintenance, and weapons loading.
It is the purpose of this study to combine useful parts of the
CADOCS project and other recent studies on flight deck communication
networks into a system using computer graphics as an interactive,
rather than decision-making, system.
B. CRITIQUE OF CADOCS SYSTEM
1. Discussion
In 1966 a report entitled, An Exploratory Study of an Auto-
mated Carrier Aircraft Deck Operation Control System (NAEL-ENG-
7375) outlined a possible solution to the problem of aircraft handling
on the flight deck. The basic premise of the report was that many of

the deck handling decisions made on a carrier are of a simple, repeti-
tive type, and are thus adaptable to computerization.
The report attacked both the software and hardware aspects
of this problem. In software it tested a simple program designed to
solve uncomplicated aircraft deck movement problems. The report
described some success in the computerization of simple problems,
concluded the method was feasible, and recommended further software
development for more realistic problems. In hardware the report saw
the need for a large computer controlled display board for location in
flight deck control. In addition the report very correctly stated that
no computer is any better than the information it receives. Thus it
recommended a combination of fixed station and hand held digitalized
devices to be used by flight deck personnel as a means of direct input
to the computer.
In April 1967, a follow-up report entitled, Systems Definition
Study of Carrier Aircraft Deck Operations Control System (NAEL-ENG-
7453) was completed. This report furthered the philosophy that the
solution of the aircraft handling problem lay in the overall computeriza-
tion of the entire system. Towards this end it advocated reorganization
of the present operational system into the concept of the totally integrated
control system which consists of six functionally distinct, but inter-





3. Movement and Locator,
4. Service and Maintenance,
5. Weapon, and
6. Launching Control Subsystems.
In addition there is an Information Control Subsystem to provide
computerized facilities for the support of all mission-oriented opera-
tional subsystems. Within each subsystem there exists a decision
tree which defines the "up" or "down" status of the aircraft. Until an
aircraft satisfies the criteria of each appropriate node of the decision
tree within a subsystem, it is not passed to the next subsystem.
The underlying purpose of the decision tree in each subsystem
is to provide a way for the master program in charge of aircraft hand-
ling to ascertain the current disposition of each aircraft to facilitate
planning of the most efficient means of processing all aircraft from
retrieval to launch. In order for a computer to plan effectively the
respotting evolution, to sequence aircraft movement, to define the
flow path of each aircraft, and to determine an optimal final spot to
the degree that has been suggested by the CADOCS project, it is
necessary to have a computer program which can in fact deal with the
complex problems of actual operations with all the attendant, unpredict-
able variables. The ability to simulate an extremely simplified model
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of aircraft handling in a computer, as was done in the CADOCS report,
does not justify the idea that, by extrapolation, very complex models
can also be solved.
Another problem in an overall computer solution is that since
the computer is very much "on its own, " the aircraft position input
data must be very accurate if effective solutions are to be achieved.
In the spotting problem this is a difficult condition to meet; indeed,
without a fairly fine grid layout on the flight deck or a closely defined
set of parking spots (which would greatly restrict the versatility of
spotting options), the computer would be incapable of formulating
satisfactory spotting plans. Even if an accurate fine mesh grid could
be laid on the flight deck (and this is doubtful), to prevent collisions
the computer would have to maintain a certain buffer zone around each
aircraft which would undoubtedly lead to inefficient spotting methods.
2. Favorable Aspects of CADOCS
1. The study has focused attention on an area of carrier
operation that is in need of improvement.
2. CADOCS has shown that a more accurate means of
relaying aircraft status and position data to decision makers is
needed.
3. The study has shown that the status boards presently
used are outdated, and a better display system is needed.
4. In compilation of data from various carriers for the
study, a great disparity in standardization of operating procedures
among different ships was discovered.
12

3. Unfavorable Aspects of CADOCS
1. The seven subsystems proposed require massive re-
structuring of the flight deck handling decision process. Even if this
reorganization could be implemented, there is another implication
which would make the change undesirable -- namely, if the system
should fail, men would be forced to operate in a system designed and
optimized for computer convenience.
2. The inaccuracy of position data which would be fed into
the computer could generate unrealistic solutions.
3. Present day computers perform poorly in making subtle





As was briefly discussed in the previous chapter, an overall
computer solution of the aircraft handling problem is presently im-
practical. An alternative to the computer solution, an interactive
or computer-aided solution, is both preferable and achievable. This
chapter discusses some basic principles and demonstrates a feasible
way to achieve computer interaction.
When we use the term "interaction, " there is not only an implica-
tion of communication between intelligent entities but also a flavor of
communication with facility. With this in mind, the usual methods of
communicating with a computer (by means of punched cards and printed
output) hardly fulfill the concept of interaction. Computer scientists
have been aware of this shortcoming for some time and with the
development of third generation computers, the micro- computer,
and with the recent rapidly increasing technology in computer control-
led CRT's, feasible "interactive" systems have become possible.
There are many ways to achieve a computer initiated display,
but each technique is a variation of the following description. All
depend upon the cathode ray tube (CRT), in which a stream of elec-
trons is passed between electrically charged plates to be focused on
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an electron sensitive phosphorus screen. One pair of charged plates
controls the vertical (y) deflection of the beam and the other pair
controls the horizontal (x) deflection. (See Figure 1. ) In operation,
a control word is sent from the Central Processor Memory to the
CRT Display Controller via a refresh buffer. (This buffer allows
the terminal to frequently refresh or retrace the picture sent from
the main computer and prevents the presentation from fading. ) The
CRT Display Controller uses information contained in the control
word to determine which x and y signals to send to the deflection
plates and whether to turn on the electron beam while the x-y signal
is applied to the plates. If the beam is turned on, changing the x-y
signal to the deflection plates causes a line to be drawn on the screen
by the electron beam sweeping to its new x-y coordinates. A picture
can be created by using several data words to define the x-y coor-
dinates of the line segments to be drawn. Through the use of special
circuits, called character generators, alphanumeric characters are
also easily drawn.
As was mentioned above, it is necessary to refresh the presenta-
tion on the CRT to prevent display fading. If the display is not refreshed
often enough (at least 40 times a second) the eye can discern the un-
desirable phenomenon called "flicker", which is observable brighten-
ing and fading of the display. Besides the elimination of flicker, the
refresh process can be utilized to allow a user to designate a group of
15

text or a particular graphics figure on the CRT by simply touching a
photo- sensitive wand or lightpen to the region of the CRT where the
material to be selected is displayed. This is achieved by sending an
interrupt to the computer when the lightpen senses the electron beam
retracing the text to which it is pointing. Since the computer "knows"
which group of text it was retracing when interrupted, it "knows"
which group of text the user wished to designate.
When very large amounts of text or graphics figures are drawn,
the electron beam can no longer retrace the display quickly enough to
prevent flicker. If, however, the particular application of the CRT
requires large amounts of text to be displayed, a flicker-free display
called the storage tube may be advantageous. With the storage tube
display, text and graphics figures are placed on the CRT screen with
an electron beam in a manner similar to a refresh- type tube, but the
screen is designed to hold the pattern without a refresh requirement.
Since there is no retrace of the screen for the lightpen to sense, the
lightpen option is not available with a storage tube.
B. INTERACTIVE PROGRAMMING
The rapid input and retrieval capability of a computer graphics
system make it possible to accrue enormous amounts of current in-
formation in the computer's data bank. It is not difficult to imagine
how an overabundance of data can confuse more than help a decision
16

making process. For this reason, it is necessary to use modern
methods of interactive or "man-in-the-loop" programming to aid
the decision process.
It is necessary here to clearly define the notions of computer
solution and computer interaction. In a computer solution, data are
fed into the computer in a manner analogous to the way sensory per-
ceptions are fed into the human brain. The computer then "decides"
or provides a solution to a problem according to the algorithm, or
recipe, which was programmed into it. Thus in the case of the spot-
ting problem on the flight deck, for an overall computer solution the
entire operation must be verbalized within the computer; and addition-
ally all of the possible correct alternatives for any existing situation
must be pre-programmed into the system. In the case where more
than one alternative exists, each alternative must be "weighted" in
light of the overall situation, to enable the computer to make a
selection.
In a computer interactive system, data are also fed into the
computer; but when alternatives exist, the computer presents the
alternatives to the human, together with the data needed to make the
decision, and lets the human make the selection.
A key technique of effective interactive programming is a method
called programming by anticipation. By this method the desires of a
user are anticipated and choices are presented which include all
17

possibilities. This method allows the user to select a desired option
rather than specify that option, thereby allowing, for example, a
1
lightpen action rather than requiring entry of an alphabetic command.
But programming by anticipation achieves more than just simplification
of command input. By carefully planning the options to be presented
to the user, the very structure of the decision process is improved.
Because his alternatives are constantly before him, the user will be
better able to determine the best course of action in a high noise
environment.
By use of the method of "programming by anticipation" a fairly
high degree of interaction in non-abstract types of problems can be
achieved. To illustrate anticipatory programming, consider the
hypothetical case in which an aircraft on the flight deck requires
maintenance on the hanger deck. A menu page could be displayed on
a graphics terminal listing the general aircraft evolutions which would
be encountered by a particular decision maker, in this case the ACHO.
He could select the evolution involving transferral of aircraft from the
flight deck to the hanger deck with a touch of a lightpen to the display.
The terminal would then display the up-to-date status and availability
of all equipment that would be directly involved with the evolution, and




"Use of Interactive Graphics to Solve Numerical
Problems, " Scientific Applications, v. 13, p. 631, October 1970.

decision, he touches the lightpen to one of the anticipated decisions
listed on the screen and the terminal takes the desired action. It
might add the information to a spot sheet; or it might take no action
at all if the ACHO determines that with the given availability, the air-
craft should remain where it is until a later time. The point is that
the computer is aiding the decision maker by helping him to remember
what equipment is involved, and presenting alternatives that were
carefully thought out beforehand. Additionally, once the decision is
made the terminal passes the word to the involved stations, records
the information in its data banks (in case the decision infringes on
future evolutions), and takes care of the necessary paper work. Thus,
with well thought out anticipatory programming, a decision can be
made with a much broader base of information and in a much shorter
time.
C. CURRENT AVAILABLE HARDWARE
Due to the recent expansion of computer graphics utilization by
industry, there has been a proliferation of new equipment and available
options. Some options are discussed below in terms of their useful-
ness in the flight deck handling problem.
1. Display Options
One of the problems encountered in past proposals for com-
puterized displays for the ACHO was that the CRT's were too small to
allow the aircraft representations to be large enough to overlay
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information and still be in scale with the representation of the flight
deck. There are at least two solutions now available -- the large
screen projection display system and the LITHOCON silicon storage
tube.
a. Large Screen Projection System
The large screen projection system uses the output of a
small, high- resolution CRT (controlled by the computer) and optically
projects and enlarges an image of the display to up to a five foot
square size. A drawback of the system is that a throw distance of
ten feet is required to project the image for a five foot square display.
An additional three feet are required for the CRT and optical equip-
ment; thus approximately 13 feet of space must be free either behind
or in front of the screen. The space presently available in Flight
Deck Control would probably not accommodate a system of this size;
however, minor alterations are possible which could greatly reduce
system size. The CRT and projection unit could be placed at ground
level in an enclosure. The projection could then be turned by a mirror
to a screen mounted horizontally (table-top fashion). The screen size
would be somewhat less than five feet square; but a display of 2%_3
feet square should be adequate for a suitable flight deck presentation.
b. LITHOCON Silicon Storage Tube
The LITHOCON silicon storage is part of a Princeton
801 intelligent terminal system. In this system, display information
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is written on a target of the LITHOCON tube by an electron beam,
and is stored there as a pattern of charges. A raster scan (the type
of scan used in television) of a small square, or window, of the
LITHOCON tube's target is then presented to the viewer on a full
sized CRT. The viewer has an option to "zoom in" on the display
(accomplished internally by decreasing the size of the window to be
presented on the CRT) for up to a 16:1 magnification factor. The
zoom control consists of a joystick for manual X_Y positioning of the
image center, and a size control allowing area magnification of 4:1,
9:1, 16:1, and 4/3. Thus a picture of the carrier and aircraft could
be input to the LITHOCON target and the operator could either view
the entire picture or zoom in on any desired position.
2. Hard Copy Feature
There are special copiers available to reproduce hard copies
of the CRT presentation. The operator simply presses a button and a
hard copy is produced in approximately eight seconds. This applica-
tion would allow the ACHO to set up a special deck arrangement on the
display and then make hard copies of the presentation for the handlers
to use in movement of the aircraft.
3. Interactive Hardware
The light pen is an excellent interactive tool for use with the
CRT, but it is not available with a storage tube display. If a storage
tube display is used, good interaction can be achieved by programming
21

function switches for option selection, by numbering options and
using a keyboard input for their selection, and by selecting options
via an electronic cursor positioned by a joystick or track ball.
4. Character Generators
Alphanumeric text may be created by several different types
of inexpensive character generators. Although the techniques of
character generation vary, their net effect is the same -- upon receipt
of a coded instruction they generate the character specified. Since
flight deck displays will involve figures representing aircraft, it would
be advantageous to have a character generator for each type of aircraft
outline desired, as well as for alphanumeric symbols. This would
eliminate the need to store data for creation of the graphics blocks of
each aircraft, and in addition would greatly reduce the number of bits
that would have to be sent between terminals to convey aircraft position-
ing data.
5. Color CRT
While a CRT capable of displaying vectors and text in color
would be very useful in the flight deck spotting application, it is doubt-
ful that the added usefulness would justify the additional cost of the
CRT (approximately four times the cost of a black-white presentation)
and the increased complexity of the overall system.
6. Terminals
Recent developments in mini-computers have promoted a
change in concept for the designs of computer systems from a central
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unit with large memory resources controlling remote input/output
devices to a system of linked, intelligent terminals capable of both
storing and processing their own data. In this latter system there is
usually a slightly superior master terminal which controls slave
terminals, but the slave terminals have a stand-alone capability.
Although intelligent terminals have incredible processing and program-
ming options and sizable storage capability, their physical dimensions
(including a CRT presentation) are comparable to a cabinet-model
television.
Intelligent terminals are inexpensive and are equipped with
hardware and interface options too numerous to list in this study.
While some of these options are considered and recommended in this
study, it is noteworthy to mention that suitable alternatives exist today
and others are constantly being developed and manufactured.
D. COMMUNICATION NETWORKS
The implementation of a graphics information system would have
some behavioral effects on the participants in the spotting evolution,
therefore a consideration of the results of behavioral science studies
of communication networks is appropriate.
1. Basic Networks
Communication networks refer to the arrangement of com-
munication channels in an organization. Figure 2 shows three rep-
resentations of communication networks. Each node represents a
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person or station which may pass or receive information to or
from another connected station. Notice that the circle has no natural
leader and that each member has direct communication only with his
immediate neighbor. The wheel, on the other hand, automatically
defines a leader who has a direct information input from every node
in the organization. The wheel has a highly centralized structure,
2
and the person in the center is said to have a high centrality index.
Many studies have been made not only of the wheel and circle,
but also of numerous other structures with varying degrees of central-
ization. Before applying the results of these studies it is necessary to
consider the type of information that is to be passed. Information is
categorized as simple or complex. Complex information implies a
sense of abstraction; whereas, simple information would be of a type
that is already understood by the members of the organization. Since
the information in flight deck evolutions would definitely be classified
as simple, results of the studies as they apply to the simple category
will be presented.
The results of the studies are remarkably in agreement:
that in the passage of simple information, the wheel (or most
2
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centralized structure) is the fastest, most efficient, and least error
prone of any of the structures. The drawback of a highly centralized
structure was that it had an isolatory effect on the non- centralized
3
members of the structure.
Non- central members, who can only communicate with one or
two elements of the organization, become mesmerized with their own
functions and generally fail to view their duties as they relate to the
entire operation. The immediate result of this narrow view of the
operation is that the isolated members tend to make requests that
seem reasonable to them but are, in fact, not compatible with the
organization's capability. When these requests are rejected by the
decision maker in the central position of the communication network,
the isolated members feel even more estranged. Some additional
consequences of isolating members in a network are:
1. Loss of system effectiveness due to time lost in the
rejection of unreas.onable requests.
2. Low morale of isolated members due to their decreased
sense of belonging.
3. Inability of isolated members to make innovative sug-
gestions due to their lack of system- wide information.




2. Computer Graphics Communication Network
The ideal network would be one that would allow peripheral
members to operate in their domain of interest without excessive
distraction, and yet give them a view of the overall operation of the
organization. Conventional communication systems such as the tele-
phone or teletype are too time consuming in information passage to
relay significant amounts of data, and at best give only a piecemeal
perspective of organizational activities.
A computer graphics system would give the capability for a
highly centralized structure for information passage in that the system,
in its central position, would have access to data from all the peri-
pheral stations. But the computer graphics system would also be
able to provide every peripheral station with the same organized data
that the central member receives -- thus overcoming the isolatory
drawback of the conventional centralized system. (Figure 2c illus-
trates the effective communication capabilities of a computer graphics
system. ) Since a computer graphics system allows data to be pre-
sented in either a text or pictorial format, a well designed set of
displays can provide the peripheral members with the high-quality




III. PROPOSED COMMUNICATION SYSTEM
A. DISCUSSION
As a preliminary communication system concerned only with the
handling problem, graphics terminals would be located in the key
decision area and at periphery points where there is special need of
input and retrieval of information. Special note should be taken that
with modern off-the-shelf intelligent terminals no central processor
will be required; rather both processing and storage of data will be
performed at each terminal.
Proposed locations for graphics terminals are:
1. Flight Deck Control
2. Primary Flight Control
3. Hanger Deck Control
4. Squadron Maintenance Offices.
(Additionally, data will be input from the flight deck as discussed in
Section B. 5 of this chapter. Also see Figure 3. ) Each location, with
the exception of Flight Deck Control, will require one intelligent ter-
minal with a CRT display. Since Flight Deck Control is the focal
point for the major handling decisions, two terminals are recommended
for this location to provide the ACHO and the AWMC the flexibility and
independence required to input and retrieve data for their respective
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duties. In each intelligent terminal, storage is set aside to hold
several matrices which contain all the data pertaining to the handling
evolution. Since each terminal contains its own processor, the raw
data held in the matrices may be organized by the terminal and dis-
played on its CRT in a format which best suits the user of the terminal.
As the user of a terminal inputs his requests, decisions, or correc-
tions to his terminal, the appropriate matrices are changed; and the
same changes are transmitted by data link circuits to the other ter-
minals in order to update their data matrices. Thus the matrices in all
the terminals are continually corrected to reflect inputs made through-
out the system. Although storing duplicate data and requiring intel-
ligent terminals at each station might seem an inefficient use of
equipment, there are several advantages of this approach as opposed
to the use of a central processor system. Principal differences of
the two systems are:
1. With intelligent terminals more flexibility in display
formats at each station is possible.
2. If a central processor were used to accumulate data
from remote inputs, the central unit would have to
format the information for each terminal and transmit
the organized data, in addition to the display commands
to each terminal, by a multiplexor or time sharing
technique. This would result in less service to the
28

terminals and require an enormous increase in the
number of bits to be transmitted by the data link as a
result of the need to send the display instructions.
3. The program of a centralized system would be com-
plicated and would not lend itself to easy display format
changes.
4. If the intelligent terminals were linked together in a
non- series fashion (preferably by a central bus design),
failure of one terminal would minimally degrade the
system's effectiveness. In a centralized system, failure
of the central processing unit would incapacitate the
system.
B. INFORMATION REQUIREMENTS AT STATIONS
For this preliminary proposal for an information system, the
exact formats of the displays and the data required for all stations
were not studied. However, a display for the ACHO and a display for
squadron maintenance personnel were designed and programmed to
gain insight into storage requirements and general feasibility of the
system. (See Chapter IV and the Appendix for a detailed explanation
of these displays. ) Combining the experience gained in designing
these displays with a knowledge of the handling evolution, it is anti-
cipated that the following types of information will be put in and
retrieved at specific locations.
29

1. Flight Deck Control
a. ACHO
In his role as decision maker, the ACHO will primarily
use the system to survey the current situation of the handling evolution.
He will have access to information pertaining to aircraft positions on
the flight and hanger decks, current fuel states of aircraft, overall
status of all aircraft, status of flight deck equipment, fuel stations,
power cables, etc. The main system inputs of the ACHO would be
the results of his spotting decisions, proposed spotting schemes,
items requiring action, and other information resulting from his
decisions. In addition he could use the system to output hard copies
of any of the above items (including spot sheets).
b. Airwing Maintenance Chief
Since the AWMC's duties are closely tied to those of
the ACHO, his terminal would be organized to give him much the
same information as used by the ACHO. More emphasis, however,
would be placed on displays optimally organized to show aircraft
status. Besides a list showing status of all aircraft, lists could be
displayed showing up-aircraft on the flight deck, up-aircraft on the
hanger deck, aircraft preferred for flight on a particular event as
specified by the squadrons, etc.
Since the AWMC has more freedom of movement about
the flight and hanger decks than the ACHO, he could input changes
into the data matrices of the system as he observes discrepancies.
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2. Primary Flight Control
Since Primary Flight Control affords the best view of the
flight deck, an operator here would use a lightpen and graphics ter-
minal to continuously update the actual positions of the aircraft on
the flight deck. In addition, he could respond to interrogations on his
CRT concerning confirmation of a particular aircraft's position on
the flight deck.
3. Hanger Deck Control
The Hanger Deck Officer could use his terminal to gain an
overall view of the handling situation. In particular, he would benefit
by having timely information of planned aircraft movement to or from
the hanger deck. Hanger deck personnel would be required to input
aircraft positions on the hanger deck in the same manner as the
Primary Flight Control observer.
4. Squadron Maintenance Office
The displays for the squadron maintenance terminals would
be designed to aid squadron personnel in planning their own mainten-
ance requirements and allow expeditious entry of squadron related
information into the system. Information provided to the squadron
should include specific position of all aircraft on the flight and hanger
decks, fueling status of aircraft, position of aircraft in relation to
functional power and SINS cables, spotting intentions of the ACHO,
etc. Availability of this information should reduce unreasonable
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requests to the handling organization from the squadron. For example,
a squadron having a presentation of all the aircraft on the flight deck
and hanger deck would "learn" when it is not reasonable to request
service for an aircraft that is "blocked-in. " Additionally, by observ-
ing the position of their aircraft in relation to functional power stations
and other aircraft, squadron maintenance personnel would be better
able to plan their own maintenance schedule.
Information that would be input into the system by the squad-
ron to aid the ACHO would include: aircraft up/down status, the
estimated time aircraft will be in an up status, aircraft that will be
preferred for particular events, and special requests such as de-
fueling, high-power engine tests, etc.
5. Data Inptit from Flight Deck
The justification of the proposed system, with regard to
utility, hinges on the ability to input current information into the
system quickly. This problem was addressed by the preliminary
CADOCS study and the solution proposed was to have both fixed and
portable input devices conveniently located to allow flight deck per-
sonnel to input specified information to the system. In context of
the proposed graphics system, it is desirable to input data concerning
aircraft fuel state, status of aircraft with regard to the next launch,
and status of various power cables and fuel lines.
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No additional personnel would be required to input these
data into the system. The fuels Petty Officer presently interrogates
the pilot of each returning aircraft to determine his fuel on board.
This figure is then subtracted from the fuel state of the aircraft after
re-fueling to determine how much to bill the squadron for fuel
received. With the hypothetical portable device the Fuels Petty
Officer could quickly achieve four services:
1. By entering the fuel state of the aircraft, the status
displays and the fuel state overlaid on each aircraft
of the flight deck display would be updated to reflect
his input.
2. This amount of fuel would be retained by the computer
so that billing could be done automatically after re-
fueling is completed.
3. At the same time he could enter the up/down status of
the aircraft with regard to the upcoming launch, as
reported to him by the pilot or Squadron Mainten-
ance Chief.
4. The various fuel and power cable stations could be
numbered consecutively, allowing him to enter simply
a number and an up/down code when information as to




This information would greatly assist the ACHO, who is
planning the re- spot while the recovery is in progress.
C. HARDWARE REQUIREMENTS
1. Memory
In order to provide information to the various stations dis-
cussed in Section A of this chapter it is necessary to store certain
data in matrices and pass it to involved terminals. In addition, a
certain amount of memory is required by each terminal to organize
and create the various displays to be presented on the CRT at each
terminal. In the following sections is presented an estimate of mem-
ory required for storage and display of essential matrices for the
proposed graphics system. The basis for the estimation is a graphics
program that was written by the author as a preliminary display study
for the flight deck handling problem. While extravagant use of core
is not advocated, keep in mind that with present day technology core
storage in intelligent terminals is no longer the severe constraint that
it was in the past. (For purposes of the below discussion, "word"
refers to a 16-bit computer word since this is the predominant word
size used in graphics terminals. )
a. Aircraft Data Matrix
This matrix contains a column for each aircraft with
data for the aircraft contained in the rows. For each aircraft the






4. The X-Y position on the graphics presentation
5. The angular orientation of the aircraft on the flight
deck.
6. Remarks Code -- a two-digit code is used to cross-
reference a table of remarks in the memory of each
terminal. This will reduce the number of bits re-
quired to be passed between terminals to add a
remark to the aircraft description.
7. Intensity of the aircraft display symbol on the CRT.
By using logical bit manipulation, these data can easily
be represented by 144 bits or nine 16-bit words. (Besides reducing
storage required, compression of data and subsequent use of logical
bit manipulation reduces the number of bits to be transmitted between
terminals. If a circuit were dedicated to the system of terminals, it
is doubtful, with the speed of bit transmission now available, that
this compression will be necessary. ) If data are to be kept for 100
aircraft, only 900 words will be required.
b. Spot Sheet Matrix
This matrix will carry the results of the ACHO's spot-
ting decisions. If he were allowed to select ten aircraft to travel up
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or down any or all of the four elevators, in addition to 60 go-aircraft
and 20 spare-aircraft, a 4 X 80 matrix would be required, or 320
words.
c. Power Cable Matrix
This matrix carries data giving the Up/Down status of
power and SINS cables. Using logical bit manipulation, ten words
can carry status information for all cables.
d. Words Required for Display Format at Terminals
In order to display an alphanumeric string on a CRT, at
least one text block must be established. This text block consists of
a couple of control words followed by the string to be displayed. If,
for example, a string of 80 characters were to be displayed in a single
text block and two control words were required for each text block,
42 words would be required to display this string with one text block.
(There are two characters/word in a 16-bit word. ) Since the displays
involved in the spotting problem require for the most part very short
strings of text, it would be wasteful to allocate 40 or 50 words to each
text block. As most options to be displayed are within ten characters,
a seven-word text block would be advantageous for most terminals.
(An exception to this would be the terminal used by the AWMC, since
the status information of most interest to him consists of lengthy text
strings. ) A given terminal must have enough memory available to
store the basic data that it will display, with enough core left over to
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accommodate the display requiring the most text blocks. The par-
ticular display on any terminal that requires the most text blocks
will be called the critical display for that terminal.
The critical display for the ACHO's terminal is the presentation
of the flight deck and aircraft. Four text blocks will be required for
each aircraft in order to show side number, fuel state, squadron
event preference, and aircraft outline (assuming a single character
generator is used to display the aircraft outline. ) Thus, 240 text
blocks or 1680 words are required for this portion of the presentation.
Supporting text for options and lists should take at most 1000 words
for a total of 2680 words required for the display aspect of the ACHO's
terminal.
For the AWMC the critical display will be status-of-all-aircraft
display. If the text block length for this terminal is set at 26 words
(allowing 48 characters /text block) and two columns of 40 lines (one
text block/line) are displayed, then 80 text blocks or 2080 words will
be required for the display aspect.
For the Primary Flight Control and Squadron displays the critical
display will be the display of the flight deck and aircraft; however, the
requirements will not be as high as for the ACHO's display. This
reduction in word requirement is achieved by displaying only the air-
craft side number on the aircraft outline on the flight deck. The
reasons for this apparent degradation of information at the squadron
and Primary Flight Control stations are:
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1. The operator at Primary Flight Control has no need of
any information other than side number overlaid on each
aircraft.
2. The reason for integrating information on the aircraft
outline on the ACHO's display was to enhance spotting
decisions. The addition of fuel state and squadron event
preference on the aircraft outline is of no benefit to squad-
ron maintenance personnel who are chiefly concerned with
position of their aircraft in terms of accessibility and
proximity to operative power sources. (Squadron per-
sonnel can determine fuel state from the squadron status
display. )
3. Since a smaller CRT accompanies the squadron terminal,
excessive information would clutter the screen.
Taking this reduction into account, only 1500 words will
be required for the display aspect of the flight deck presentation at the
squadron and Primary Flight Control levels.
Since the Hanger Deck Officer is faced with a decision
process similar to the ACHO, the same general format display will be
given him as the ACHO. Thus, his critical display will require 2380
words.
e. Summary of Memory Requirements
The approximate total core required at a terminal is the
sum of its matrix storage word- requirements critical display word-
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requirements, and its program/subroutine requirements. On this
basis the following estimates of core requirements at each terminal
for the flight deck handling displays are made in terms of 16-bit words:
1. Flight Deck Control
AWMC - 8000 words
ACHO - 8000 words
2. Hanger Deck Control - 8000 words
3. Primary Flight Control - 4000 words




A basic requirement for a system of intelligent ter-
minals is communications circuitry to carry data transmissions
among the various stations. Since intelligent terminals have off-the-
shelf interface equipment which permit the use of commercial tele-
phone circuitry for this purpose, an obvious candidate for interconnec-
tion aboard ship is the ship's telephone circuits.
A recent study of communications aboard several aircraft
4 . ,
. . . ,
carriers found existing maintenance communication circuits inadequate
for even existing voice message traffic. The study made a recom-
mendation for the addition of circuits compatible to a central control
4Naval Air Systems Command, R21-040-II, Final Report:
Carrier Aircraft Support Study/Cass), p. 8-9, Dec. 1971.
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unit, keyboard unit, CRT unit, and a printer. If in fact the findings
of this study represent the existing situation aboard aircraft carriers
and if partial or full dedication of a few circuits to data transmission
cannot be realized, then implementation of the proposed graphics
system will depend on the addition of adequate circuitry.
b. Rates of Data Flow
Existing state-of-the-art intelligent terminals have
interface equipment available, capable of data transmission and
reception of up to 9600 baud (bits/second). In the proposed system
the largest block of data that would have to be passed is the aircraft
data matrix, which consists of 14, 400 bits of information. Even if
this entire matrix were to be sent (this would be required only at
system initialization), only 1.5 seconds would be required for data
transmission and acceptance. A lower rate of 4800 baud would be
less demanding on circuit requirements and would only increase the
time requirement to 3.0 seconds. Transmission times could be
minimized by sending data out only when some type of update is made
at a terminal, and then by sending only data that were affected by the
update. If connecting circuitry were not continuously available
between terminals, altered data could be held in a buffer until trans-
mission was possible.
In summary, existing achievable data transmission rates





The choice of a terminal for a particular station in the flight
deck handling problem should be made by applying the following criteria:
1. Overall size of the terminal and associated equipment
in relation to the compartment it must occupy.
2. Memory available for a unit meeting criteria 1.
3. Size of the required CRT presentation.
4. Data transmission rates available.
5. Available options such as lightpens, function switches,
hard- copy capability, etc.
6. Cost of equipment.
Practically all state-of-the-art equipment is capable of
meeting the memory and data transmission needs of the proposed
system; therefore the following recommendations as to terminal
type at a particular station are made with the remaining criteria as
a basis. Costs cited are current gross preliminary estimates for
non-militarized versions not including installation and required cir-
cuitry, and are cited only to provide a measure of the scope of the
problem.
a. Flight Deck Control
In Flight Deck Control a display will be required for both
the ACHO and the AWMC because of the volume of input required at
this location. Due to the rapid interactive needs of the ACHO, his
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display should have a lightpen capability, thus a refresh-type display
(vice a storage tube display) would be required. In addition his display
should be large enough to provide at least a two-thirds view of the
flight deck with to-scale aircraft outlines of approximately 1 inches
in length. To meet this requirement, a screen 18-19 inches wide
would be adequate. (For a full flight deck presentation with 1 inch
aircraft outlines, a 27-inch width screen would be required. ) The
most promising prospect for these requirements is the Large Screen
Projected Display System made by General Dynamics, modified as
suggested in Chapter II, Section la to meet space requirements. No
cost figures are available at this time (because of the recommended
modification); however, the commercial cost of the system is estimated
to be less than $15K.
The AWMC will not require so large a display because
he can easily consult the ACHO's display if he requires aircraft
position information. His primary information needs will be status of
i t
airwing aircraft and flight deck yellow gear , which would require the
presentation of large amounts of text. Since flicker becomes a prob-
lem on a refresh-type display when large amounts of text are displayed,
a storage-type display is recommended for the AWMC. (Since informa-
tion to be input at the terminal of the AWMC does not require a high
degree of interaction, keyboard input of data would be adequate; so
loss of the lightpen option is not a prohibitive drawback. ) The
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Princeton 801 Terminal with a LITHOCON silicon tube described in
Chapter II. C. would be suitable for this application. The unit has
a maximum data transmission rate of 2400 baud; but since it will be
directly connected to the master terminal of the ACHO, this would be
no problem. The standard screen size for this unit is a 10" X 10"
CRT; however, larger screens are both available and recommended.
Present commercial cost of the unit is $8024 including the zoom
feature and data transmission interface equipment.
A hard-copy capability is recommended for the ACHO's
terminal in Flight Deck Control. This would allow the ACHO to
arrange a proposed spotting plan for special evolutions on his display,
and then output a hard copy of how he desired the flight deck to be
organized (including even side numbers on the aircraft). Current
prices for hard copiers producing copies in 8-18 seconds at five cents/
copy is about $4000.
Total cost of the civilian version of equipment in Flight
Deck Control is estimated to be $27. 5K.
b. Primary Flight Control
In Primary Flight Control the principal duty of the
operator will be to input position of aircraft on the flight deck by
arranging the aircraft outlines on his display to coincide with their
actual position. Since this will require a high degree of interaction,
a display with a lightpen capability is recommended. Since a
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large-screen projected display system would be impractical at this
station due to size constraints, it is recommended that a 17-inch
width CRT be used with a programmed zoom feature and a program-
med X-Y shift of the presentation. For the spotting problem, it will
be necessary to depict only the flight deck and aircraft side numbers.
General Dynamics manufactures a 2 1-inch CRT in a militarized ver-
sion that would be suitable for this station at an estimated cost of $8K.
c. Hanger Deck Control
Since this study's attention was focused on the flight
deck spotting problem, an in depth review considering all facets of
hanger deck operation was not made. However, a knowledge of air-
craft position and status on the hanger would greatly benefit both the
ACHO and squadron maintenance personnel. A terminal similar to
the one recommended for Primary Flight Control with 8K of memory
should be adequate for this purpose in addition to providing the capa-
bility to handle other requirements of the Hanger Deck Officer.
d. Squadron Maintenance
Due to the ease of interaction which a lightpen affords
a relatively untrained operator, a refresh-type display would be
beneficial for the squadron station. However, since the rate of data
input required at this station is relatively low, and present editing
and input methods for storage tubes require little more skill than
required for a standard typewriter, a terminal with a storage type
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tube would also be adequate. This unit should be a single chassis
design with a 17-inch diagonal CRT and would occupy little more
space than a conventional teletype. For flight deck spotting con-
siderations alone, hard-copy equipment is not recommended for the
squadron level terminal; however, the terminal should have a hard-
copy capability in case later expansion of the system dictates a need
for the option. Estimated cost for each squadron (for civilian ver-
sions of either refresh or storage-type displays) is $8K.
e. Flight Deck
Critical information is entered into the system from the
Flight Deck as discussed in Section A_6 of this chapter. There are
three general types of input devices that could be used to enter this
information:
1. A completely portable device.
2. A portable device requiring connection to fixed
jacks located at the edges of the flight deck.
3. A fixed position device located at practical
locations.
Of these three possibilities, the completely portable
device provides by far the most expeditious means of data entry and
is therefore highly recommended for development.
Figure 4 shows a suggested design for a portable input
device with the following features:
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1. For durability, numbers in the windows would be
set by mechanical thumbwheels.
2. The data input would be partitioned and include two
"send" buttons so that data pertaining to either air-
craft or flight deck equipment could be sent inde-
pendently.
3. An acknowledge light would be required to signal
the user that data were accepted by the terminals.
4. The device would have an enable lock to prevent
unauthorized personnel from entering spurious data,
5. Dials would be internally illuminated to facilitate
night use.
6. The device would be operated in a frequency range
to comply with EMCON standards.
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IV. A GRAPHICS PROGRAM TO AID AIRCRAFT HANDLING
The previous chapter outlined a proposed graphics system and
listed possible types of information to be inputted and retrieved from
the various terminals. This chapter discusses the computer graphics
displays of a program written by the author on a computer system
described in Appendix A, and describes the use of the program in an
actual flight deck situation. Some concepts from the CADOCS study
and the Carrier Aircraft Support Study (CASS), Volume II, were
adopted in the program.
A. DISPLAYS OF THE GRAPHICS PROGRAM
Two displays were designed -- one depicting the flight deck and
aircraft (Figure 5) and the other showing a squadron status board
(Figure 7). Specific actions of each option on the displays are des-
cribed in Appendix B and Appendix C.
The information overlaid on each aircraft (described on Figure 6)
is continually updated and positioned by the computer. The aircraft
are easily moved about the deck on the display by selecting the
"MOVE" option with the lightpen and then touching the aircraft to be
moved. Then the aircraft will follow the lightpen anywhere on the
screen. If the nose of the aircraft is touched with the lightpen, the
aircraft may be rotated to any desired orientation.
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The display for the squadron status information (Figure 7)
allows squadron personnel to input predicted and actual maintenance
status information of their aircraft and, in addition, make certain
requests to the ACHO. The display is designed by anticipatory
programming methods and requires only the lightpen for data input.
B. APPLICATION
While the program which was written would be useful for any
aircraft handling situation, its real value is best demonstrated in the
stress situations that frequently occur on an aircraft carrier. To
illustrate the use of the system in a high stress situation, the follow-
ing scenario is presented to exercise the designed system. Remember
that although each user will have the particular display that is most
useful to his needs, all displays are available to each user on his
CRT.
For the purpose of illustration, suppose that a change in mission
is initiated for Event 6 (launch 6) at the Flag level and relayed to the
command structure. Once the strike plan has been determined, the
ready rooms, Air Officer, and ACHO are notified over the 19 MC
intercom.
The squadrons immediately begin to evaluate the changes neces-
sary in aircraft assignment to best accomplish the revised mission
and compromise where necessary to be prepared for subsequent
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missions. Suppose a squadron is required to supply four aircraft,
and six aircraft are suitable for the revised mission. By checking
the CRT displays of the flight and hanger decks, squadron personnel
can determine which aircraft are fueled and most suitable, because
of proximity to operative power cables and/or location, for Event 6.
With a lightpen the squadron decision maker touches "CHANGE
STATUS' and an aircraft he nominates to go on Event 6, for example
aircraft 304. (See Figure 7. ) The entire status line of 304 then
appears in the "change status" box ready for alteration. In Figure 6
the change to the remarks column has already been made. ) Again
with the lightpen he touches the section of the change box which he
wishes to alter and then touches the words he wishes to be added;
in this case, "EVENT" and " *6* ". When his corrections on aircraft
304 are complete he touches "UPDATE" and the corrected version of
304 appears on the status list. Simultaneously on the flight deck dis-
play, aircraft 304 has a "6" added to show that the squadron would
prefer to have that aircraft go on Event 6.
At this same time all of the other squadrons are making their
preferences known in the same manner. After the preferences are
input, the ACHO can now make his spotting decisions by using the
display shown on Figure 5. Since aircraft fuel state, aircraft status,
and squadron preference are integrated with the actual position of
the aircraft on the flight deck, an optimal spotting plan is enhanced.
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With a lightpen, the ACHO touches "GO A/C" and begins to touch
aircraft he wants to go on the Event 6 launch. (Of course, a provision
exists which allows him to correct mistakes easily. ) As he touches
each aircraft, that aircraft "brightens up" on his display, to become
conspicuous, and thus help him evaluate the overall effect of his
decisions. Additionally, the aircraft he selects are listed under
"GO A/C" (or "SPARES, " as appropriate). In a similar manner he
can designate required elevator traffic. Spot sheets could be made
directly from this information by use of a copier or line printer.
Once the ACHO has completed the spotting task on the display,
squadrons know exactly where to concentrate their plane captains to
move aircraft and where special maintenance effort is required, and
are able to make pilot assignments to specific aircraft. (Under the
present system, the unsafe condition exists that pilots often receive
aircraft assignments so late that they must make a hurried and there-
fore cursory examination of the aircraft's maintenance record. )
C. ADVANTAGE OF SYSTEM
The major operational advantages of the system, as illustrated
by the above example, are:
1. Information from many sources is quickly and accurately
presented to the decision maker in a format that aids the
decision process. This is in direct contrast to the present
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method of operation where the ACHO must piece together
information from several sources and then perform in his
head the integration of fuel state, relative position of the
aircraft, status of the aircraft, proximity of aircraft to
operative power cables, and preference of squadron before
an intelligent decision can be made.
2. Since the computer instantly updates the displays, the
decision maker can be reasonably assured that he has the
most current information available.
3. Squadron personnel have the information available to
evaluate their maintenance scheduling and aircraft flight
requests within the scope of the entire flight deck and hanger
deck operation. Additionally, everyone (with a CRT ter-
minal available) is able to react immediately to the implica-
tions of the ACHO's spotting decisions as displayed on the
screen.
4. The application of the computer graphics system is not
limited to the flight deck spotting evolution described above.
Critical information from other subsystems such as weapons
and supply could just as easily be put into the system with
relevant data made available at interested stations.
5. The formats of the particular displays are easily alterable




6. Unlike the CADOCS system, this system operates within
the same organizational framework which is presently in
use. Thus if one or several terminals should fail, personnel
could fall back to methods that are currently practiced with-
out calamitous effect. (Even with the failure of one or two
terminals, those personnel affected would probably be close





The main fault of the system proposed by the CADOCS study
is that it attempted to achieve a closed-loop computer simulation of
a problem that is best solved by a man-in-the-loop, or interactive
system. In an interactive system the best traits of man and the
computer are brought together -- namely, man's ability to choose
between alternatives with subtle differences is combined with the
computer's superior data storage and retrieval capabilities. Since
the system proposed by this study is an interactive system, it could
be easily assimilated into the existing organizational framework,
requiring only minor changes to the present job structure of per-
sonnel. Thus in case of complete system failure, personnel could
easily revert to present methods of operation to meet mission
requirements.
An interactive graphics system presently provides the best
vehicle to distribute information in an integrated format to all
decisionmakers. Additionally, present state-of-the-art equipment
is reliable, inexpensive, easy to operate, has a long service life,
and would easily accommodate future growth of the system.
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B. CONCLUSIONS AND RECOMMENDATIONS
1. An improved system of information dispersal would greatly
improve the efficiency of flight deck handling operations.
2. A computer graphics man-in-the-loop system is the best
approach for improving communication between the partici-
pants in the aircraft handling problem.
3. The feasibility of partial or full dedication of a few telephone
circuits for use as a data link between intelligent graphics
terminals should be studied. If use of these circuits is
determined to be infeasible, then consideration should be
given to the installation of special data link circuits as
reocmmended by the Carrier Aircraft Suitability Study,
Volume II, December 1971.
4. Types and locations of intelligent terminals should be in
accordance with the proposed system described in Chapter
III. The militarized versions of the terminals should have
a specified reliability of at least six months.
5. Development and implementation of a hand-held, portable
input device utilizing an EMCON- suitable radio transmitter
for flight deck data input would be a key factor in system
effectiveness.
6. To further justify implementation of the system, incorpora-
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To illustrate the principles of interactive graphics displays as
applied to the flight deck handling problem, a computer program was
written to aid the decision making process of the ACHO. The equip-
ment used was an XDS 9300 coupled with an Adage Graphics Ter-
minal (AGT/10).
The XDS 9300 is a medium sized, general purpose digital com-
puter system with 32K words of main core memory. The AGT/10
is a small general purpose digital computer with 8K words of main
memory and a magnetic disk for secondary storage. After initial
program load and data initialization, input to the system was via
the AGT/10 Graphics Terminal v/ith a lightpen, and output was vis-
ually displayed on the terminal screen.
The program logic was written in Fortran IV supplemented
with a few special assembly language subroutines which built up
the text blocks and graphics blocks for the buffers of the AGT/10.
In order to understand how rapid interaction is achieved via the
lightpen in the displays, it is necessary to discuss briefly two of
these subroutines.
The first to be discussed is a subroutine called TEXTO.
TEXTO allows the programmer to create one text block on the
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graphics terminal starting at a vertical line position and a horizontal
character position which he specifies. Each time TEXTO is called
using a different line and character position, a new text block is
created with a reference number one higher than the previous text
block. A complimentary subroutine was written to allow the deter-
mination of the text block number of an alphanumeric string already
displayed on the Graphics Terminal simply by touching a lightpen to
the region on the screen where the alphanumeric string is displayed.
As an illustration of the use of these subroutines, consider this
example: Display a number of options to the user on the Graphics
Terminal at various line and character positions by calling TEXTO
for each option to be displayed. Each phrase, representing a user
option, will thus have a different text block number associated with
it. Suppose one of the options displayed is the word "FLIGHT DECK".
In order to select this option, the user simply touches the lightpen
to the phrase "FLIGHT DECK' and the integer value of the number
of the textblock corresponding to this phrase is returned to the master
program. This value is then used in a logical expression to branch
the program to an appropriate algorithm; in this case, to create a
display of the Flight Deck.
The second special subroutine is called GRAPHO. GRAPHO
is similar to TEXTO, except that it creates graphics blocks instead
of text blocks. In this application, the representations of the flight
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deck and each individual aircraft were created by separate graphics
blocks. Thus by touching the lightpen to an aircraft, the number of
its graphics blocks is returned. In this program, a data matrix was
set up with the graphics block number of the aircraft corresponding
to the column in the matrix which contains data on the aircraft.
The program was written in a modular format, which uses a
separate subroutine for each major option selected by the user with
the light pen. Alteration of the job structure of a particular option
is easily achieved by changing the appropriate subroutine.
A matrix was established which contains the data needed to
establish the formal parameters of the subroutine TEXTO. Thus,
by using a single TEXTO statement in a DO-loop which increments
the rows of the parameter matrix, all of the master options and
supporting text can easily be displayed. Besides preserving the
correspondence of text block number to the option desired, the
matrix also permits rapid alteration of the format of the text on the
graphics terminal.
Appendix B and Appendix C describe the operation of the





This appendix discusses the specific actions required to operate
a program written to aid the spotting decisions of the Aircraft Hand-
ling Officer (ACHO). The program is controlled solely by use of a
lightpen on a CRT display shown in Figure 5. The display was
designed to both anticipate the informational needs of the ACHO and
provide a means for him to record his decisions.
The display itself is a depiction of the flight deck showing the
relative positions of aircraft. On the borders of the flight deck
the letters "PC" and "S" are displayed to indicate the locations of
power cables and SINS cables. These letters are normally dimly
displayed on the CRT; however, if one of the cables is inoperative,
the appropriate letter or letters are displayed brightly to alert
personnel requiring use of the cable.
Below the flight deck are listed various phrases representing
options which can be selected with a lightpen for the purpose of
directing the computer to perform various tasks. Operation of the
display is best explained by discussing what transpires upon selection
of an option or sequence of options. (The numbers in parenthesis
in Figure 5 are not actually on the CRT display but were added to
aid the following discussion. )
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*ADD A/C* (1)-- Selection of this option with the lightpen allows
the user to add the outline of an aircraft to the flight deck by select-
ing its side number with the lightpen from the "AIRBORNE" or
"HANGER DK" list. The outline will have the aircraft side number,
current fuel state, and preferred event number superposed. To
allow immediate positioning, the "MOVE" option will be automatically
selected by the computer.
*MOVE* (2) __ This option enables an aircraft already displayed
on the flight deck to be moved to a new location and/or be rotated to
a new orientation. After selecting *MOVE* an aircraft must be
designated by touching the lightpen to the outline of the aircraft to be
moved. Upon touching an aircraft, cursors will be displayed on the
center of the aircraft and forward of the nose of the aircraft. If the
lightpen is placed on the center cursors, the aircraft will follow the
lightpen anywhere on the display. If the lightpen is placed on the
forward cursors, the aircraft will rotate on its turning axis in the
direction the lightpen is moved. When the aircraft is in the desired
position, the lightpen is touched to a dot located between the center
and forward cursors, and a new aircraft may be designated for
movement. When all desired aircraft position changes have been




*8* (3)-- Selection of this symbol causes the computer to exit
from the "MOVE" mode.
*AIRBORNE* (4) or *HANGER DK* (5) -- Selection of one of
these options and an aircraft on the flight deck results in the removal
of both the outline and associated text of the aircraft from the flight
deck. The aircraft side number is then inserted by the computer
into either the airborne or hanger deck list, as appropriate, in
ascending numberical order to provide the ACHO a quick reference
of the general positions of all the aircraft.
*A/C INFORMATION- (6) -- Selection of this option and an
aircraft either on the flight deck or in the airborne/hanger deck
lists, presents the ACHO with current status information of the
selected aircraft. (The significance of the numbers in the status
data is explained in Appendix C. )
STATUS DISPLAYS (7)-- Selection of one of the options listed
under "STATUS DISPLAYS" will cause the CRT screen to blank
momentarily and a status list of the equipment referred to by the
option selected to appear on the screen. After obtaining the informa-
tion desired, the ACHO selects "RETURN" on the status list; and
the flight deck presentation will re-appear on the CRT.
The following options are related to creating a display of the
spotting plan in the lower- right section of the CRT. As the ACHO
creates the spotting plan display with the lightpen, the computer
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fills a matrix with his inputs so that the information can be sent to
the squadron terminals. "UP" (8) and "DOWN" (9) in the spotting
sheet refer to the direction the elevator will carry the aircraft; and
"1 *' "2", "3", "4" refer to the specific elevator which will transport
the aircraft. "GO A/C" are the aircraft that will be on the next
launch, and "SPARE" are the aircraft intended to replace any "GO
A/C" that are disqualified for the next launch.
*UP* (8) or *DOWN* (9)-- Selection of one of these options
and designation of an elevator number (*1#, *2*, #3*, or *4*) permits
the ACHO to enter side numbers of aircraft on the flight deck or in
the hanger deck list into a particular part of the spotting plan. For
example, to designate aircraft 101 and 103 for movement up elevator
one, the ACHO touches -UP* (8) and *1* with the lightpen and then
touches 101 and 103 in the "HANGER DK" list. When all aircraft that
are desired to be listed for travel on a particular elevator have been
chosen, *STOP* (12) is designated. Now aircraft may be listed under
a different elevator/direction if desired, or the same elevator/direc-
tion may be re-selected for further additions.
*GO A/C* (10) or -SPARE* (11)-- Selection of one of these
options allows the ACHO to add side numbers of aircraft to the
"GO A/C" or "SPARE" list by designating aircraft on the flight deck
or in the hanger deck list. When the aircraft desired have been
added, *STOP* (12) is selected.
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*STOP* (12)_- Selection of this option notifies the computer to
discontinue (until further notice) adding aircraft to the list within
the spotting plan which was currently being operated upon.
*DELETE* (13)-- This option permits the ACHO to delete one
aircraft from any list within the spotting plan by touching the lightpen
to that aircraft. For each aircraft to be deleted, the option must be
re-selected.
*SPOT PLAN COMPLETE* (14)-- Selection of this option causes
the word "COMPLETE" followed by an identification number to appear
at the bottom of the spotting plan in order to signal squadron person-
nel that no further changes are made. If a change is subsequently
necessary, the "COMPLETE" label disappears when one of the
change options is selected; and a bell sounds at squadron terminals.
When the ACHO makes the additional changes and re-selects *SPOT
PLAN COMPLETE* (14), the word "COMPLETE" again appears at
the bottom of the spotting plan, but the accompanying identification
number is incremented by one to alert squadron maintenance personnel
(who may have missed the bell signal) that there is a new spotting
plan.
*BLANK* (15)-- This option clears the spotting plan of all
aircraft side numbers. Since accidental selection of this option
could represent a significant loss of time to the ACHO, a safety
factor is built into the option. If this option is selected, the word
"BLANK*" brightens and increases in size; and the computer delays
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for two seconds. If, in fact, the ACHO did desire to blank the spot-
ting plan, he must select *BLANK* (15) again; otherwise, the display-
is not affected.
*SQUAD STAT BRD* (16)-- This option is used in this pre-
liminary program to provide the user access to a display that would





DISPLAY OF SQUADRON MAINTENANCE
This appendix discusses the specific actions required to operate
a program written to aid squadron personnel in maintaining computer-
held data concerning the status of their aircraft. Input to the computer
is achieved solely through use of a graphics terminal and lightpen.
The upper half of the display lists the status of each of the squad-
ron's aircraft according to the format shown in Figure 7. The lower
half of the display provides squadron personnel the capability of alter-
ing the data in each status line. (The numbers in parenthesis in
Figure 7 are for use in the following discussion and are not actually
displayed on the CRT. )
Before explaining how data in each status line are altered an
explanation of the data itself is necessary. (The numbers of the
following list refer to the numbers in parenthesis on Figure 7. )
1. This field of the status line indicates the general location
of the aircraft according to the following code --
F, flight deck; H, hanger deck; and A, airborne. This
information is automatically updated on the squadron display
by inputs into the system from other terminals.
2. This field contains aircraft side number.
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3. This field contains either "UP" or "DN" (down) and des-
cribes the overall condition of the aircraft. If squadron
personnel enter "DN" in this field, the aircraft will not
be used for flight.
4. This field contains the Julian date and time the aircraft
went into a down status.
5. This field contains the Julian date and time the squadron
estimates the aircraft will be returned to an up status.
If an estimated up-time cannot be given because the aircraft
is ashore and not under squadron control, "BEACH* is
listed in this field. If an estimated up-time cannot be given
because parts to correct the downing discrepancy on the
aircraft are not available, "NORS" (Not Operationally Ready,
Supply) is listed in this field.
6. This field lists the current fuel state of the aircraft in
hundreds of pounds and is normally updated via data link
from the flight deck. However, if the squadron is aware
of an error in the fuel state shown, they can update this
field.
7. Remarks may be placed in this field by the squadron to
identify the specific problems of the aircraft or to make
requests to the ACHO.
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In order to alter any part of the status line, the user selects the
option "CHANGE STATUS* with the lightpen and then selects the
status line to be changed by touching any part of the status line with
the lightpen. The status line, as it appears in the list, is then dup-
licated by the computer in the "CHANGE STATUS BOX" (8) with
asterisks appearing in the fields that contained blanks. The user
can now make desired alterations of the status line in the "CHANGE
STATUS BOX. " Upon touching the text displayed (or asterisk if the
field was blank in the status list) in the field to be changed, that
field is selected for update and entries may be made into the field
from the list of options below the "CHANGE BOX. " If, for example,
the Julian data/time, 168/1400, is desired in field (9) of aircraft
304, the procedure would be:
1. Touch the asterisks in field (9) with the lightpen. (The field
will go blank to indicate it is ready to accept new information. )
2. Below the "CHANGE STATUS BOX" touch the lightpen
successively to the symbols, #1*, *6*, :;: 8 :;: , * 1*, *4*, *0*,
and *0*. As each number is touched it will appear in the
correct position of field (9). After field (9) is filled,
another field may be selected, if desired, and its contents
may be changed in a similar manner by utilizing the list of
options below the "CHANGE BOX. "
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If it is desired to "blank" a field, touch the lightpen to the desired
field; but instead of selecting an entry from below, either select
another field for update or terminate the "CHANGE STATUS* mode
by selecting "UPDATE" (10).
There are two ways to exit the "CHANGE STATUS" (7) mode:
1. Select "UPDATE" (10). This will cause the data in the
"CHANGE STATUS BOX" (8) to replace the data of the
appropriate aircraft in the status list above. (At the same
time, this new data is sent by data link to update that air-
craft's status on the other terminals. )
2. Select "NO CHANGE" (11). This will cause the "CHANGE
STATUS BOX" to blank and will effect no change in the status
list above.
The option labeled "FLT DK" (12) blanks the squadron status
board display and gives the user the flight deck presentation used
by the ACHO.
The chief advantages of the display described above were found
to be:
1. Quick entry of data into the computer system.
2. The display allows easy correction of errors made by the
operator.
















Aircraft Intermediate Maintenance Department
Airwing Maintenance Chief
bits per second
Carrier Aircraft Deck Operations Control System
Carrier Aircraft Suitability Study
Cathode Ray Tube
Not Operationally Ready, Supply












*•» » ft* -^
# •«• •»• # # 00
»•#
-fr •fr* *
*-R- « * it- *•*•<**
*•& * s'* vOQ- >.
»#
-R- «• * ^*-H O
•«•
-R -R- O * # OX *
#•«••& LU * # moo O
»» * O # •» «^ •- -O
•»•«*• *< 21 * * r\j— *v
**••«• uu. < * ft r-r- z ^
ft* # LUCC CC fr
-fr -Hsf < -J-
•»•#•«• QLU (J) * -R W»mm0 _) •
•H--R--R- r-OC O R -fr -*Q-» Q. —1
K--R *• r-zo cc ft -fr msro H- ^
•»•«• * Im(- o_ fr -SC- moorvi >
R--R -R- O >—
4
tt * >« •. LU ^» h-#»•» hH -Z—tU-l
-fr -R (NJ—.OCt H O
*-*»
_JOO<r- * ft _IOC0< ^ <
•R- -R -R- U.OS.^3 * * _|00^-Q- —1 U.
* tt -fr rn <iu •R- -fr -l^^l/) OV.
*•*•« UI07*r-<£LU
-fr -R U.CNK (Jr^N
Rtt «• X Q. X R -R~ <—iCQ.^J O «^ r—
*»•
-R 1— COLUh- LU R- -R- m <oo O^'H ^
fr # -a- QQ< R- -R- 00 —.0u<O N. >- • •» ^^




•R- tt >- -<—.0 R r-l<>s II CSJ «•»
fr-R «• LLZ -J • tt -R C\J «-^- »• OHQX »-H #. in —
•fr-R -fr <t ••—i<t tt -R-O m~ -u 00^ _l •• •-< rvj —.r<-| —
R-R «• £. _jll.cj «••«< —vrmo —<UJVS LU — II - CMvT O
R-R -R- <rtx< •- # K - r-O—1 \o:iriQ HI ~> hi ffl » iq
R -fr # aozz> R *« 1—1<-->^—
.
r-< t <— •> II »-(M •>
#*- « OLL.'-'OUJ R- tt '-Pi HZ-t •"-iQ.^.^ O —
.
— H (Mil —1
•«•*# swa: -R- tt CO ^^<w O0X>t 51— v0 n II -> II >
•R-fr-fr eC~Z.cC LU R- -R — lt\<_j2: >. O • (/)—«t—
1
LO -.-)!-.— <
# # * Q.LUUJ H- • ir tt X LOQ.Q.0 o^<-». ••»-< •- •» *—i • in _J##-* t—l_ .2. R -R M wO 1—< • tt hQ> — •— —
i
» —-5 —. in 0.
#*-
-R COr- - OZ •R -R-O _l< — O—l _J >->m 11 11 —1 -^~» -0 •• CO




R-R # Mocua - R--R » •—i-~_j—» roOOQ 00 >o - •* -5m>r^J -^ro 11
{Mi-
-fr I2«a - K--R — LLLPiQ- Q. v»orO > CO—(-» -» ••i—<—<(_) ii •—<•—
•»«•«• O- Q_CO_JC\J R -R ro >-iC0l/)O < n^v < LL-7 -J •~oo< ")-0 • ^
•»*»• < X- O Ji- -R- v0 »->-^ >—
-
1— V.V..H
_) — r\j •• w —) •.<! •- • •—
.
•fr -fr-fr CC •< ox *#«-« —OO -~ <o «o a. *—1 » '— (NJ ••X •-— —x>-« LU





-fr-fr LUOUJO*— R- -R •-<-^(M>-<— r\j *-i-^-0">» II -< XCT^< _l mm •.-3— »•_!
# «-* LU_I Si/)— K- -R Of*- •> «-0 * ^.<h-0 O CO »-l— 1—1 r\jro^X H-.rn_J— r-
-fr -R -R- >COLU<: 3 R tt <<tv0-»0 O \ZlLO< -H<—U- I— »~iX<NJ «-••—•—<— _J
# ft -fr wOUZOJW R- -R -——|r-|r-| (\| OO <r- X -<o-*'»—
*
MvOi-IO t— vOU-X LL
•fr -fr-fr \-cC<. r- R •)} ~>-«-rri— — ((• V»LLhh r- MH-1^^ •^ "O <I—.»—1 •->—•—
1
•fr -R
-fr l_)CLQCO<LU R -ii- -»co<-'q: O IflNO O m—
m
1 wx<^m—x~ CC
#tt# <. <h-OcO R tt m •r-Q:>-i CC lTir-irnv.«»- co • «^ •• *— m^- »«^ro »d- O
fr •» •» CtO QZ -R -R -0-~<-l.-0 r- Ns-R rnr\io <r— sj*-H «N«»««.O » *^ LL
fr •Rfr UJZZ2<UJ **-NQQr- Z _J^-^^ II a: -»^—<o<^(^vo>OH~m~w













•f t s !"• r^ fv* r> ( /^ ' ' ^-^ ^-< /"^
u. Q* <\J C> -H^ <M —iO —1^CO CT> s0 tr> — r-
<Os UL




< cai— trir-Lnr-LOi— mini— int— ltm—
•fr -fr-fr ^s:< —« a: >—
>




-fr <I20.Q.S R -if _J_JLULU!-UUJLUlJJ<<<t< II < QSClIQSOJODJDZQv CO
# •* Vr R-R<<ll— r-r- r-l— ^r-h-l— r-O Q <aix<Q:<a:<a:<:<Q:<:ri:<.a: CO
fr -fr
-fr *» ujLuz^:2^:^:<.<i.<i<i-a.<. LUOLUOUJOUJaajLUOl-UOl-UO LU
•fr -fr-fr O ccil ccu.ani.ccu.ee ecu. ccu-ccu- O
HUr * R -R < O
R- * * * -R LU CC
fr-fr »
-R * w * CC a.
•fr -fr-fr « tt-R «• 1 —< \D
fr -fr -fr -8 tt -R -R o> c1 c 1 O O —1 CMOOOOOOOOOOOOO OOO s C* —
1


























***** ^» o —. —
oo X ii -3 -3
•» • _l .-» w ^
«^— UJ •-i >- >-
-»-) Q *^ f-t CM
•> ^ + > O O
»-<(\J t- CM >- x> < <
«^-» o O XO oo •» •>
<< < < o< << -* .-»
l-t- LL II <o oo -3 "3
<< * »^ O Ml «^
oo — .-I »~ —
«
+ + + X X
I ll r ~3 o^ —•-> -3— + M c\J
***m ^# X -51 1 "3 x> x> —
*
o ^ o
00 OO X CM 1 m «* 1 uu uu <r < vT <
_l_l -^ 00 o mm >j->r << << •* «^ k w
_J_I -» m ^> < row — <t LLLL LLLL o b<i O ^
^»»-" -> » —• II w>- >-— ^.v^. ^v'X. w o «« o
Oocor w o -*. — X-< cmX O •^.-^ —.... a < O <
<DO > *m* u •H HU ocm II "3-3 -3—3 < Q. < Q.
^—MM 00 a < -HO< cm<o ~LT\ f^lww ITl^w ujr<")>-H LULA(-l
•
—
• 1 ( *• < Q- >f0< 1 <J- | < CM CO v£»X>- C0X> X-O H 100 II








•4-h- X«* II O'-i-^--* ,—1—.—
.
OrO -^oo r-*UU II Mr-^UJ || Mr^
II -3-3 •o —
l
»-M < II "0-3 II -3~3 s: n II << II <<T -^ II +3-» II +





(MfNJO ror03 II II —.3 — -» —i-^ *^—1^^ -o
C\J~—
Z
"J II 2 ' —1 o-iz HNffimzr>-vr-tz —.00 0>TOZ0^-5-)Z-iOi|-NO0gZ0<<>-< —» <1^* **M wO»—wM O*-^*-^*—
'
—IO-JO— —•o~-——'^'-'^Z^'H^—Hhhh LO ->l— Q-OslD-H- XHX>-I-W>-XI- W«H ' -nx>-l-rvjx>-l-<'-<<0<r\|<^
<<Z ~H —
<
-•2: .-1 MM2T <\jrMZO a Mr-lZ CMCMZCL Q.OQ- CL2oooo o>-oiuxa ououuooooxosoouoouuaouu OOOOOmmO QWOWQWO <i.o<i<too<<:omQ *—
*
0<KOQ<<0<0< <Q<XO
f\J h- r- CO C* <? O
o o o o o G 1 t-H




















































• h o at




» a •—1 Z<1
Q. o H W.J «^
•—
<
•» Oi • a. cm
I CM »—• Qi»-l t—
oo i£ Q O " "
•
•» < 1- too •>
CM CL »• -»2 CM
_J U or • _l
•w
-1 < l-H az _i
»» a: •—
•
*> o OZ >-h
DC LU a. r-i o •« LL
111 —
*
•— ^ » XLU t—
•—
i
h • < i^ •4-CC
4* CM CM a. < •< 00
CSJ •* K o Q- C?Q- Z
»• cm •—
«





•* •k <l » - <L
cc «~a. i—
t
U < i Z-l t~
LU -I a.LU < 1— <. ZiD <
i—
l
• tu>-i -» »- < 1- <_> O
•> —
.
1—4 •» >* i—
i
a < •o •—
cm ** CM + •» •—4 Q QiO ••




-J cm •K- t-i O— * •o <
M * CM CM a <^ oo ~o 1-
<7> CM tr\ w t- 1—
<
z s. - •—
en »— in cm •• ..• •—Q. V* oz
•» » • CM cc u > QQ >
ch cm mm .-( t-t X LU •O •• LU
— m h ~rncn Q ~LU Q la o
cc— » *» of. —» -~o 0CQZ t— 4-0 —
luoicn —» LUCM^" >»• CC » LU'-'< •— • •• -«-^
— UJ »- m •—i *• t-t LU^ i-i--»_l LU o< o
•*!—**^* + ^~« + -"< > LUI- X
o •—> -J OfNJfO —
3




^o —• ZQ •> 5: ZQ -•
t-irri^-i i— cc r-lt-(f-< r-4 cc C0< Di »QZ o— z— o
*• 9*^ —• LU »W— w LU •• •• LU o<z <z »- <1
cCctO O t—
4
KOO o l-H CM< t Qi< »—i •» ^ < • >
%—iv-*CC cc •» >-<or:ct: CX > ^ —1 II _J Hl- •»H^-I_JCL _l_l QCLU _JQOh- \~ 00 oi-l- h- < 00O ii a. Q< too •- Ii—
t
_JQ- DQ -J





•» ».*—4 1—1 •—
•
LU <<M •-HH •• zrooo o »^»—^~o
>> •- ooo> • •• «* a oo _l_JO > > - oo •— »• —
z
^ 00O~





-J- (-h-H- —4 —»-^(-w—Ow <_> —«—
^
—.-.r-l —I H— H-.-IN XX >t—ICMX
<—,hhO a —'OH'-'CIO O • 4» wo rHCM * Q M\^ ~0*-><t-J -J-O0 • _JI— >J-0^22: h-h,— _l • •ZHI-HI- o —1 • • tCM Z2 _J •!— •_) • «~ Or<'-' •MOwhX 1 1 XLU LUOLUwXX II XLUo aiotnooH X. 1-4 1— UJOXOm CjrrM LU<_) »-0
<-» .-(t—O LU -J LU3 OOLU^I— LULU-JLU^O 00 LU II LULU-# o O-J oolulu^Jx LU_J • (MOJh-QQI- \-Z 1— • •Qt-H- t-zo i— «•et • • LU QU- — (_ 0f_ •!-< • _l z:— -J •
<h- r- «-« oooo -d- >—o oO_loOoOO a z O0 z Z>-< z— _IZXDJ_l_IHJH-0-)ZZJJJHJHMOJZQ.ZZh- _j _i<o _j z: _jz or zx «^<«z(IQ.JJJ JZ II _J«—
'
—
• _i 1 1 -J2 : ii II _l—
i
•)w«. i~ t__i —
i
II _)^_|W^H *^t-H —CLLLw
oz<i<i<u<L_)oo<;u.LL,<.<<ia<iaiii^)<iLL'-"Li.LL.U X <KQ_00<LL<LL,a LL •• U.OO—'LL.




CM fM CM CMCO
_J
u. O H
r^ r- *r o CM o o















Z UJ -3 •» »—
1
Z cC •» i*^ •»
•» < «r >r
> CL r-i »> <I
UJ oo _ "> z
o •» < w «*>
1—
1
_J K K _JW O < I—
I
_J
I-— U Q •* 1—
0000 *-» o i—
i
^» QC LL.
>-<z z o •» ro UJ t—1
_J •- •a. ••—«* CM •» *-* *.
xz _1 oz •» -j w* <
«*«a Ql o<i 1-1 «.« m l-
-i t-H j v> i- II <





-I*-" <N Qm t-) » _l 1—
< » _J » •. 1 —
*
_l •>
ua _J IX Q. -3 CM -I >
^i'i 1—
1
Z)-i # *- LL LU
—
-X u. X CM —> i—i O
ooo 1— ZoO w w> t-*
z - . z —s • 1- Z -~*
<CM > CM > CO HH o O
X-l UJ >_J UJ r-t •> cc Q.






—a: ^^ .-•* O





1- LUl-4 i—i » UJ 00 II
UJ 1— ^ _J >- *—4 *• + 1- -5 -» »^ <
• cm LU ZCM Q. < o ~> H-l M* •* a£ _J _l
Zh- _J <t~ z C\J _) -<o •» 1- •«»• UJ _l a.
Z-< UJ _!—
•
o II CL ro—
<
•-I Q 1-H CM i-iro < 00
>—' •» CD o < 00 «. •• <-> z ~— O UJ o O *—
1
•o o _J t—4 ota: < < _l r-t o xm
a< _l _l<t —1 Q. < Q i—it— h- _J •—
*
l-H o -—. •^» <
oi- _l _JI— —1 oo _J QQ Q < -1 I—
1





<a <!-. < 1—1 Q. Q Oh QL Q _J u_ => X H-ll- O CL
"» •• o o * o a 00 d: * *- < t— 1—1 M a. OO •* < < 00
CD a: < >> o m u. »• h- 00 z z 1-H
Q£»—
«
_J <- s: Q Q o UJLU CD > —
1
> r> z 0 + + OhQ UJ JO o o —
^
CD OCJ OUJ UJ o o > 00 •••
<l- Q cnt- o 00 ro •—!•—
1
00 <Q < OQ- ¥—4 LU—
.
CM CM —1
X - * # * •H- i-A 00 ~~"v (- Zw 1—* ro i-i a:—
»
1— OO w *—• O
^cr. X xoc X X 9* o i-l- < »-_ :> ••—'LUO a 1—1 • t t 'JO
• >—
i
-4- <}•--. si- «* o 1— »—(I—
4
(- '^O •^Oh t o —o Or •OQ • •o • • o < ZZ oo II K OO ii I— UJ _JUJ LU UJ CM
LUO o oo a> Qi ro 1- —ii—
(
-JXUJ UJ
-5X--ZUJ ex OUJ • • • H
• •• UJ UJ * LU UJ _ 00 Ol- Q UJD o UJvO «3 UJ O0X X X —
z*: • •^ • • DQ O OKZ i—i CMI— •arz h- II 1—0 O
z< z z< z Z O z oo O -< o o -juji-i 00 5: 5: z O












LL<1 u_ LL<I LL UL Q <l<l 1— o<io o<i>-'U-i_j 21<U_ LL LL UHO < uo < QOO f- oo i-O UJ •—«t_) —• M 1— 000
CM CM 3 UJ X CM v:






























CD>— vO (X O LU
>-hO0 .. LU 11 •> CM »—oo —i a> f-H LL
OQ.ro ** -~CM in
<0" CO —•* •» "ZZ (- to -5— LU
•»-*»—
i
r-4 — -5 K- oo
_im •> •» i—
_j—— 0> OOO X
•-•ooro •-H CtQ e>
liDH *• «-a:
»-<oi— nO 02 >_
•^i^V.^V. CM < 0^ r^ *^ 2
< 'ZO-t-O a.— 1-H -H in n
—._).-i & -4- »—(—
*
in in • O
<IACD *~ r- *- •» —-3 —
»
h- Z
Qw>-<(3\,-ico —. O *» a: O a> < in
"2 •• ITiSvO — LU —
•
3 LU 1- 1— • Xo— • •> »>cD sj" 0C CJ>r- CD »-l Q
>ofmom^o-> LU r-<< •-H cc CO O _l
LJJ »»» roso_j<: >-h ino + X— LU Q-l U. 0£ -4-O— CM *. ». »-0_l_l -0 a. ~5 ^fQ H- _JLT» «» —
«
»-H O
•"-"O^vl-fNJOOvO'-iUJ LU -3-103 —> •< < LL <^ —» w> LL
— CM 00 •-HOLLO t- -siftl- •» aa. a "O r o> ino t
o -st •• •> .nO 1—
i
< •> LU -5 LU*-" a. ->- LU(M cMma: z ro
Q-vO IM(\l-*0 _! Q OOOffl w 00 • *- x> O tr> + + 1 c O
3-1 vO>_l Q- l-O < a —
>
••O 20s 00 • »—
1
O—«>v^v>v# LU< 3 > H- _j — LU LU >o <<LLi<<—
.
h-
a»<m:soooomao LUO-*h- -0< LU ->o ca LU-«. IZhZZH O CM
00(-~»(DQOHh a: OOO 1HQ M in—.-i QO u~-<— 1 t LU
<^a:oiQ.v.— «-i~<:o *>-( a. Xw HH • • c1 «QI— O0
LUQOO 3:o^O •« a. —OZ^r-> HOO 1— «o ocja.a'_j_jZmS ZHO _l • •< II II LU II OCt— _ILU 2LU3LUa. t —
i
o-- _JXO LUOt— "5 LU l~ -JwXLU Q OLU • £ •£ IMQ H
Oy—a'.a: CQLUO ^ OOLUO II -O <t OLUID _l 00Q Q a _l
•OLULU *-<t—O < Ol— • • 4--5Z Q r-KH-2: LU II 1- -J a:_iQi_i 11 u. X00OOO 00 -J-JQ'-Iwt-H CL HO. >-l #-M Ll_ OLLOLL. »-H O





»— » II u _i—— a. <IZ «JZ _I_J— ** *-»^j^rf <
Z2DZZ<l<l<lfl<5Q LU _5<1LL.U_«-<I
_JQ.U Q. (_JLL<U *: U_<lLl. ^ul^u-llll. CX. O




cc LU H- t—
|
lu a.1 LU
t- O0 LU 1— a. X X >-l
cr. •O ZJ <_: 1 U.
o O -r a. l-l cm m
u_ i-H —i t—
1
r-l t-l



































z — OS Ow—
*^» f-t w —1 OH Om- cm ooo:
u: too: UJ en •••-JUJ




_J _!•-< •» —h-O -JO •-




ro •—I CDCTI %tt woo •-"OO •> ^-« >-
»• u. O CM n^OO U-O—"CM r-H <
(M >OCM »• oor^o oo - + _JQ •>• a: O »• CO 5n~-o oc o—<oo o UJ
_l f-H O O-H i-4 r-o OOw^-t |M| o
U. *• u_ o •r- ii u-Os^ o
»—
i
CT> ZOC* o CD II — II 00 CT" —* _l
—
•
CM UJ QON CM o— in UJ— X<\J m^ _l
o ••
_l vO •• vOCMw -Jin—
'
•• CM <
(\l CM CO I— CM — CM o—o CD— Qif-t ^ o
in —
»




vc t-CM O— r—1-~ O^O- cc 1— <a. >—•—«. ms: o:
o CM LU t-t i—l II »-"CM —
-J- vOo0t-i UJ t-.0__l>3- in > • •» UJ
m O" mm* i-i (M 3in -Jw _J~- OS!" -HCM r>H-. — in—
<
o l-H
in 1 Q -O 00 — ii a JQ o in 00 II —
O
<r_i o in
•» i-H QQ< wm Om—< •-.< ..QQ oom — mf< o-u o oom






— r^o -o HwQ— < CO •»
in Q «t •> Of- o<o •• II - cor-o Oh- o< OO.J oo
*• «• m> pi zuao —> -so •k z<a> 0—"_J II i—
o *: •4-lu >o a 1-iQ.UJ inuj s^r-o >o OQ.1HUJ w< >
in 2 mo ujO •—*—
i
—Q wO 00OO LUO -(-l-^Qr-*—»QO o IUO
in _l O.-H Q KCM —•—.-I Oh roo o i-—or— i OZ 1—
4
oo
CD vO— »—(—* UO"<M^— <M r-o »-H*^» UUOQvO .< I—•-—
.
o o ' —
O
<3UJ • -H-HO Q.O .rP~. —
o
<UJHihOi-"0_J.» • f» wO
o II h- _) • Z-JI- • • h-CM i—H- II _l • Z-) «_ll— OUJ O--I -J •
in X ujoi 1 LUOOKX-I II X m n UJO 1 uji— ii x»-i • ii omrn ujo
»»' t-l — UJ OO'JJ 0000 • LU_IUJUTl — UJ —
—
00 UJ OOOOO— UJ o—om 00 UJ
mi- h- • Z oo • 'V- <M <H~ II rO<J- \- • Z «>tl- II -"vl-O II 1- •
o O »—
•
O OO U-^OOOO O m^ mm* mm* O oo U-oO— a—coo O 00
h- UJ Q_l JZ II >-i ZZJh n Q_J OCMO II -JZ ii hzojcwO t-O _IZ
<a_j II .J— w >^— „j <i_i -csi< _l—• —«<_)'- '— <. II t—
<
II _l—
o o CX< 00<11L i/) *: u_ u_ u. <. lj O Q--5 aooa. O0<U. W^U.Q.nQLLCLQQQ 00<IU.
o _J
-•o ZO-i ZllH —i"—"OO _j -.O l-l^; ,-, ZO"-< 2U"m(Jhit—ii—it—iO"—
"
ZOh































•— OcT ti OsJX eg
o uu — «*>r -I
r~i 1—
1




M O 2£ 00
«• •» >o 00 H— y~
>o eg C" X Q
«• •» in • o<
•-I 00
-T CO oa e>
1 T-t m p- IH
CO t* o r- • # •» • r
z o* o o -^




oac fe ii acr- LU
-»a: a:
_JLU C\J -»i_ur^ Xco 1—
«
~LU -.LU
_J«-H • h-^r- XX.J- « s0>—
<
—^I-H
• • ~^ «- ».r«- -t+m m •H- 00
—
m
>* an ii cd 11 11 •» Xrri <-i(\j
o • «» ^ <a *~o ~~o (Nl oo • «• •>
»-<c\j -»CJ Q-t\J(Ms0 -0C0I- •k t~.C\| —
«
r-ICNJ co
O •• rH<I H-t »-«-«o ww -*• •» • ^-» 1 - h-
i-i CO + Q- •t*:o OQO m -H>t X 00 •$- r-
<_m-l Om • ••rOoOO <<o •k 1 ro nvj-00 2TfO
^ •> *—' •* co x-o Q.CL > 00 •• ^j*'-* «^ »•
O0O> Q> O CT» '"O 1 II 1 1 — CM ZCJv II LAw OOCT> f^
S(\l |-<LU O1NC0 -0 •* •»«•• • ^CM ^ _J(NJ r^
^^ •> wQ O -O II 00OO n O0 •• IOW _J * r-
OCCM (Nt-H vOroo— —
.
Qt<i-H < _lrT) 00H-S (^ r-O » ^w o ..f•-^- a: OLU t -^ _J •» H-i ». co - 11




-!>*• s:^> o o^or»o t—
<
XX-I -^ --0>-'02 -oo CM
<M — »x< < v0«~r-< ..^ >J-sJ- • Qin2-<-i hh 0—
>
^*
r-(—a —.LU_I UJ or^-o. 00-3" II II CO <<t >-hO_J+ m-w •oa< >«:inm< mi— lu a_j n <is-i-i zm -.-^z O-IT,>—<lu^o>o o<_j 00
wQ_ w Q *• 0. II »« r-r^— —1 OCLO>-iO< OQ.LU s
OQ>- Q_J co —»•—«—»CQ o ta»a< • ••0<'—1 0- ©•-•Q ••>H< » <_J_I Cf. CO »-^o Oh- QQQ >i— a. ^_j 11 11 —t O CO
0_> Q-<_) o w>^.<) tk <<2! LU -->_j3: — —>_l
0*-"J-i •->o< 2 OLU:ZO >o Q.Q-< oa|-LU<>-i3:Q OCLU_lO—
Q
*—
~(_) » <OoOvO LUO O^—<—< • moiqu >-"2: QQ< _j r-
'•ttwHOO • a«2:o Q <T^~^-^ ^*»Ch ~ < 1—it-iO LU h-OOCJw 1 z . 00 1—4— •*0 i- i —
*
2n^-< 0>,<-i*~ .»0— _li-l -J— z> h-
<5^-(>-iQO<tC3'"' O ONO —o —1—1 • OO-lOO «C0 1 O LL r«-H • _JK—<_IUJO^ 2T II 1— II •O _J • | « •LUiMI— < • 11 1—00 • 11 x-d- II 1— •*(\J r-
t (- ii xq ii torn XX II LUCT OC30--HXC2'—.XOUJO-»o0-4- XOr-l 1^
i/)o
—
uj •—~ 'Jom *• —LUoO—
•
00 LU OOLULU »inUJLU3LUO «LU^i-iin —.ujoin • u
z »mh- ii m>-«o m -Ot-^-O Ol- • z • •</) H «nHOOl ••-• cot— <f —
^
w- «-3C0O — tow 00 00002TO 3— 002— II O — 00 1-1IIZQJUQm i- II Q-J-OQ II _IZ II ZZ-hJ" Q_J II hhQ f_ q_jo>i- 11 **»
— <_Jr-H<l»- II <_J II <l _J— ^vw _J«-.<:_) ^-w<x <_j 11 x.
OOLL.a_<00_LL.OLJ o Q.<_SQ- 00<LU O0U.U_LL,<_)<lLLQ.<;QU.a.Q.O0U 0_<QU O 00



















































ro fH in in wO in cm
«• in oo CM h- »> i-H
CM i-iCM •» O *—»^^ o«~
•» O * * vO H CM l-O
CO H- vOCO ^O *"^ ^ <
in ••Ln »-* •k O -~00 OCX
* O r-t »• —
^
0> o r-lZ O"—
'
o> o 1 0> o CM -» ^^k^ — II
CM — 00 CM w t> ^^ 001- —.—
.
•• — Z •• o «* •t 2-H o^
—
<
o — r-4 < * CM *W* •» f-IrM





l-H o>- CC H- •-•o> cc LUO









Q *m • -•QLU.-IX QLU CM CMO0 _IQUJCM —* OOl-H
•d oo in 00 cr<omoo <Q 00 CM inz -"<om oOCM Z.'-
«•> Q. z Z wQ_ t-H COO. ZLO •^ LLO. Zin w-co
CD *—
i
o <_> QwJOw 0>-«_l •» o • wwJO •* •OO •» Oh- • < _Jt-^ 00 vO _! OO H-Qi «-_l^ OO OvO
o > •» a: Q->< CO ^ ^•x 1— O >>< 1- Z<r
o LU >o o >-<LUl_>05: CC inluo > o • LULUOO > <iin
•o O LUO «-Q o— < 4-Q LUO o—
•
OO o LUO •^





s: ini-H OO ~v0 MM *~* OO —m
o ^ »—*«*>» i-i u— •••oz UJ o*^* * t-H-^ r-ir-t ~.*~.»*f —1 —
^
HO
-o o «-o « HOO t< an ooo —o CM • O'-'OCM wO •v0
CM 1-
-J • Ol- _JI—OO—l«-«CM II 1—
o
_J • O »h- \— 1—O «CM —1 • OLU II
II X luo <-j II XOUJ II I rq —xo LUO <ro_i XXOO--H LUO <o—
-» UJ 00 UJ z • — LUO •—xm *• HLUO O0LU ZLU t LULUOLUlTl OOLU z .o
o h- t- • 1 oo CM— COXOOO m ^h- CO 1— • 1 »00 i-i-co • h- • I O0H
**> O0 oOZ *m0 O0— i—
<
O w OO 00O0Z ooo 00 ooz—Q _l OJZ Z— Q_J II «Q II i- ii Q_J II OJ2 zz- _J_J II Z.Y- OJZ z—
o
<t —1 II _»w II — <l_J —<X <_l II _l— II w^^ _J_I —
'
II _lw II —<t










































» CO -T Q.
i-l o II •• O
II >0 rttartta •» «ta
—
•




-o — 1 <\J LU
LU — fH o + -J fe •—4
4-H Z «^ -o -3~5 rtta •>
^ t» Q o o -3-M- —} f\J
— (M < O CM tart •*
(M O Q. <3— </) r-i
-HCVJ >» t—i II «M* •• a
#~ •» <t <<T) a: m
-H-O • V rtta 1— •—
•
3 r-(





II Vrt Qrtta -O
zo^ —
»
Q •—4 CO rtta <N




_jro II «^ I—II—
1
-5 *^
_J •• oo tart O-S 2 —
•»-^ (- <: —a P> a -o
coo> z Q- II C0< X-» CC ^J-O-K »— 1 U^ OD-
-fr— — tart
vO-»
_l ~o vO»— •< *: _lOQUJ h- -H <r oh- z _l0<0 X Z— in n LU< _j t—
4
OQ- \— QO vj" •Q CO LLO—<_J tart < in •—*—• 1—
«
t—i
O «•_! la. o 03 •» k » »•
v0>< •tM
-0 M> > 00>
-mo • *^ta + LU LU ^LU
aTQ 0-»-OOCO -3Q Q l-Q
o-< o LUr\| r-HLUl— -)— ITn-. <•-<
i—< •— t» a: • • + •-—*- *tart 1—
—
JOO CD —» II p—lrt>-o -OO -•o coo
f- ii h-oc\j ro II M-) ~-H- II 1- i—
C\J-»XO-4 h- x.^iI—«*—» . LU<1>< -5XUU LUX
incvjLUOin < a<r 0>- Z)h-LU UJO CJLU
r->\- oo h- <^HC0<— z<rh- in 1-2: Zl-
o~- O oO Q.tart -ia< -.Q ^-1 «-H <
l-O-J II h- •—'O 4"\ •—• 1— h-i~«—
1
in_i^ X_l




1 ! IjQ-c-.UmO QUO
2;
4-HQ
-ON r- o oo cr in
cgoj —
(



























»-h rn»-rt ooO tartd. OOO CC-* oo oo
•
-"X C\J XX
X. LJO0 II - -T-J-O^CvJ
<i o co r-i • •tninin
Q. ».—. < — OO-l-^-^O —
-O IV0 o; LULU
<t 0<M O LU • 'DOO
• O » O. i-H- OQh-l-l—
<I i-H-O i-H •• • C30I
\-
—co oa LOCOOOO
< a:— •» olu rtta>-Hi—iocdoO •—«^ O — •—n—» C0ta»^»—.-»-»
•—
• Q<t -^ O •"«"« i—I • •
I— a. ii •• cC'-i »-Q:ac:LLX< -*
> »-o t ho ~oo o
LU —< O O Or-I -j . •
o o x •• \— —-.xxx o
t-" CNJrt- l/)— • I— 0vJrt-l(ri-l-sf-4- —
ta, m-^ao o «-Z3 ta*oo • • • o
m -omrno- — >q. <ooooo <O HwwhQ ^ LUi— Oh-OOLULULU LU
t- ta-(\J> ta- o Q3«II • • • X
_l <_JO«'Qin< HOhQ-l'-t-. >->
LL h- _J 5! r~< 00 Q. w~hh . »-5-)-5 II
<I»—iQCNJLU •-*—l |—O •—OO •••» —
.
LU-taQLLZ II X--H M *-* •HWUJIU'-IH-H CO
ZZwmOJcQm II —. 2LU II CC • .tart— —. 2:
-<< < II -3--ILUt-.^-5_IOQ<l<< ••
i-jccaiaz-^ +Z)i— • ii c?an— i-l— —i
z. Z3 o. lu lu lu _i —<r—>20a:o,i Qi^i^<<< —
CC Om0015 II — -1-ta,—• HJ^OhhQDO -*_
ZD CC LULULU^>-T >h- _Ji-Hv1-o0w.wk-ii-cm <hQOJZhhhK <Ii2_Jta, _,tarttartta-ta-tart q.
UJ2i_J^^2:ZZOOCJOOU<l.LLO LL. LL 'J- U. LL, O

















at oc —* rn Q woo i-HfM
LU UJ OC • O *£ - •#<*
—
. _! —> lu -? m. <— >l->trn
o • • *h — c\j cxin >*•
•> ffi ro cm ^ ocn oO'f
-i «• •- en t— <i <t^» i— t—
•— f-i -« •• t-t ex »-<m "• O
o » • H •• <»> —•_) oc out—
<l CM ••««•< O-J UJ OO
UJ | O CO CM » CO»-i i-i <m.OI— to X < •• —l — u. • —.—.o
hq; o 00 CO -J ^ cm>-i fO CMvJ-«"
ii lu q. o o — ** < a£ •• * oo—
—i-i m CX CL — CC CM Q- <~. --< oocc
lo •- —
. • ft n 0C LU I— O O-vO •« OOLU
•. «-• >—i + p- —* Q -1""-CQ m * •• «. <0 U"l -J"^" •>hom" Z.ci •J-ejt-tf'xm cocx< •• cm -» < «-cn *• • .co
>-< • _j li lu Z II UJ2 iH + —. h- -»—» rj OOZ
iiS > i-i Dh _j 0Q«-i_I + —»0 rH < >J-CM N LUU-l -
<1>—i o ». x • •• •<••• O •—!< •• Q ^01— » • »«4"
Q_ •-» < i-i- OO -)- »-<- OO -)^ < mi !— -j .-i w»-. en OQO
o^* •** •• • O •• •• • • O •* •* I— OO^h —» •• H •> « oo •
<-»crx —a: rxoctr—a: clo-— »-• -Is- cm a. — o i«i-» ~ coco—
— ».ujo "~>lu <-i<uj~5uj -!<-) .. rjNOro i— lu 2 < <to -$• •—1>—• •—
•
.—It-**^ ••*-* Jh-1 •••—< 3E «• CO r*- • •• t—i m 2 I— *-*Q.O c\| —* —-,*ww2— —» •> CM— ,_,-»f\)—. hhcM «J" o •-> —i —• »• '-•v:0'-< — CC 0>00 • 'rHQ^-H— w,H . »^w^H « t^» » i0>0 CM -H 2 -<<~» CM LU CO—*CCCC^.
<o-> <o r-->o<o r»x Q-— rn^c _j o <t >a. »-qc: _i y-< •$ oo<
XCLi-l •• I— <-* CM<--<I— i-l CM<I— wOCOMQ __f i—* I UJU«i-i _l ••O -* • »0-
«3-0«—CM <>- IIOO«-<~» II 00< Xi-HvO 'Z. >-* — O- Q<.00-^»-i 00-^-OoO—«-*0
•<(—
— OH- QOh-QK UOO CO H-UJ LL. h- —< —* -CMI— -J-li. Z<t\- ~Z.~irO<
C? >Dy: •—'O X »0>-»!D <5 •J—' O '^ •• hh D •• ~"2 * • •>l—' fc »O0 •>
LU>D-< Q. 2>CDl . 2> >>-»~-o> —a > <_><o--Ln OOONOO>
• LUH-Q. ~>\— _ILU|— >l— _|LU> LUQ^<LU > CC\— LU <_lr^—1^> i-hO-OOUJ
^QDUOO^^ —.OZ)LUO — OLU O<00-0 LULUO OQ.~-rO~'UJ > —<XXOl/)wO<mOQO r-<i-(OOQ HHwQ HLU<MMinQMO i-i Oi-i<—-ZQ WOOh vf^i-i-i
z—»-^«— + .i-i— ^^»-„_—. +^-^.-. wia ^.cmi-h — ««» < (_cr:<i>-i oo<< • «~»
•OO^X^^O iH tOO—'O CQ «0»-» 0«->i-i|IO « .O I— Z<>-«—I** <-"->(—oooo
rnx «oo>o . +c?x to t <oio x n u x—<o-o • z uj2:ciod.o — o>-««-'Ujlux
^0_LU<<01— UJ C^a UJ CL LU h- LU CJN <Z LU CL H- Q-——— Q- II I— LU < Z. MOMh _l t •— • «CL
«ZO.tKXZ<fI '<ZXZJ-J t<XLU«..-ICMr<l<-3X-52:UJ_l MO. X UJOK^QQ<
\—cc tzo I uj t.^-20a: .lu t-tn cqotluocc;--"——-cc lu-* «oa. K>-<L^ct:cc:LU ooluoq^ooq:
<Oc£D-tOl- at —IXOdCH-a: tO<OI-ZO>>>O^I- (Vc^ZwZ OXUJLUluH- I— • '-IcoloOO LU II CM UJCH Z UJ LUO<Z «-i OOO O H-UJ'-' OC OWOOO OOOO II •—>—
•
•~<_J»-'_IOO II !•—< t— Q_J_I—• 1 1—• I— 2_I_I_J|—JZ^JTJHJMMI ID CL UJLULUJO_JZZQ— -I
w_i—JOZJ- X—-J^J-' J-JJZJQOQJ -J -~Z-i\- aau<Nii— I— |-_l II -J—.u*--— -!
u.<u_<icl_j<i;u.o^u-<ili.<:u.u u.<<iu<.^-^^:<.o<-^u.o<tujz:Di-z^:^<;oo<iu.u-coLLU.<.




i-i -j- q\ en 0^ O --I
lo »} o en ^ >J-
-r «r -• < >r -*•
85

j m * -j- »*
z —» m •• ••
Z -* — H I- «« h-
•• UL, <M Z •> Z Z — Z
Q. ^>-« _l —
•
Q. >-» < -4" —
l-l » _J CM l-l CM _i - CMicmi-iI— X - —
.
in i—
t/) J— LL •—
i
t/1 »"4J »-4) iH 4—4
•> 4—4 *—4 4> «. •> «4 »—' 4»CM««— CM — </J Z —
>
_io~.ro _imz<i m





z LL. z z 4—4 z
4—4 •» <w <_* •—
«
*>- •i 4>> —
'
•» oc a: eg IN <\J LU LU CM
<M -« 4—4 i- CM K a: cc H vO




< < l-H p-M t- 1— t* »—* Vk Q. a. •» rn





o a; »~ cm o c\j » » CM f_i
< 4—4 r-H *> < •* —I —1 •> H
i— Q en h- - i— I— o o i—
4—4 CD —
.
z l-HI-H z o a z O
•» m cc «—
»
X *-* o o -^ *^ LD
~ a: *c —
*
CM 0.CC CM o o cc CM
cc --^»—
4
< Q t- —< >-4 1- »> •>• LU 1- --*
LU cca a. O l-H Q£01Q HH a a 4—4 1—4 —•
i—
i
LUl— o »- •• LUOI— •• o o |h •» <I
• 4—4 *- < —• *^ 4—4 •» —* •• •to r-t -^ a.
OO a: •* O — »LU0C .—
-
z — •*• —
.
OO
Z O0»-4 < CM— i-H 1/)>H f-H Q •4" f~1 4-< *
•> 2Q i— *»m0 • ZOO •» *• —
•
L*» i X
•0 O < vO 1- 2lO i— Q- ^ vO 1— >*
co >—. •» Q coo z —»- 4» z r> Q- r- z •
•- 00 i£ 4—
4
—CO %^ LO «-ili *M0 v •O •* •*-r Of
—
.
cc Z< •b n^w. CM zo:< CM < •^ »- o CM LU




—i r-IO z a-t- *—
*
»» r~ —IHHLJ —
*
< >-m *• 4—4 z Od
r\i _» _.< •» UM «_ cc ^.—< M-# Q o_—
•
V.CO <~^ z LU
^ i-*— *C > <i CM LU om—.^1—1 CM *—
4
r>cM co » CNJ «— 4—4
<n oa« LU ib-^ _J »—
l
1—r~a:<o<
-J •» k OCL _J t ».(J>
a. 4-4LUCLI— Q ~<t —I • r^ LUQ.^-11— -J > •«—•!—
1
os _) a: _JvO
o —•'i-.0< 4—4 o •— t/)r»oc| '-|o*'< t— LU O oo 4—4 o LU^O
< V- <Q W CMLO LL Q z Oh- «-<l-Q U- Q CM— -co LL • 4—4





> a Z> > -o~- t* > HhNOZ>Q. » m» n-O-OLTi—.vO •• 4J4 Of—
LU i- »u»> o -<z > o •k + o LUI—
>
> |/)<HwK10> z> o ftOI_>>OUJ s:--—
<
LU s: >oo— >OZ>LU LU Of-— rvj—vOUJ OLU o >o
4—4 .J-OUJ^-O OZ<_l Q LUO<0'iJ'-<00 a QM<ja« q >-iQ « LUO
—
•
II ~Q—- <<ll— O- »—
4
LU a 1—<.Q—.— t-H *-4 o •-t— _jsm>-i ^— kV—4 X Q—
o--o I—n—«*—-• —!<.—> -— CD •—4.">H|-mmO-^ -m* cM<—4a^—
•
o-— >r «ou
XoO •-i^: LUO.O OO ^^^O i-i—•x »ii— o LUI— OU.OQ-OOLUO — .<Q.ZLULUCLO Z«—1«-<— <l— o _l • • • LUQ.IUQZ I— ^ »—4 »—1 1—4 *— s:i— <._ii— Of _l<3(—
< ZXh- H 001— X t- UJOOI-><ZI-<OX 4—4 •> OXhUJX LU LULU 4-4
ae.—4 • Oo!J hzq:-j-«uj- 00'uuJOOur ".j-Jh-Lu-. i— (\i cc cc cco in >-h on lu -« • O0 • |
o-— Od 20U...Z DZUJw r haU H t • • :z:e>a:u.a. H-tf Z 3_JLULUUJ>-"I— > l-QCZ 1—1-J
<LU Zc£ o 'jaw LLI< 1y)oooo LU i-i O LU JC O-ioacj:1 OOZ LUZO LULU
II— •—
•
_J_J_J<3 cco-lui-.^_ii-. ojzzzjjwj «-i1—_Ji—«x? CHH-llUUJLU<_IZLU_|t-H— II —1 •— • •—
•






0>-4>-4L-)LJl_)4-4CrujoOiy)i—I Z<_> UJZU |-|M,-|UO>-iU OO QCLUOO mm»hQuZOU t-44-40>~,Z
CM CM CM CM—
•




»r<f o m —• cm vO











h- > > > > -*
•-• < < < < CM
»
_l _i _j _l 1-
•>« ai UJ UJ UJ »-» t-H
CM Q a a a ct •»
•» UJ *—
»
H- _j _i _i -i »--4 (NJ
Z -j _j _i _i •a •»M < < < < m ">
CO CM o o o o •a —
vOt— • (ft •> •• •• i-l CM
ro'-» o o o o * H
•» o o o o -o •-H
o~> o o o o o »•
h-~ o o o o •» — —
•
•-4 CO CO CO r-4 CO in -^ z
a — II —• II II + II C\J —
1
z
Of- co*: 00^ ^ _J *: * • •»
~z z*: z*; * o 2£ CM ~i z





o -».-. -« CM _)
-<i- oo <M-Z ~-Z CO OZZ o ^z r-l 1- Q_
• HH «- co r-<z <IZ — ro r» -z II zz <f M >-<
H-— a: o rOh- - (- CC" -O.^M - _J *• * «- w *
OCM uj op- <z <z lu or- —
z
o (MZ CM CM >
•_l i-i i—
m
oo< Q< h i—mo<< o ~-< _J -I LU
K_J r-H |-1-H_I •--I ••Is- i— i— i o <_J _J _l Q
Z>-< OONQD II CL II 0. cor-oo <q_ o h-Q- •->- -* 1—1--^
-IL 2WOK O— •-< —»•—! Zl<10HOQ" IK <—' u.< u. — 4-
•»H • *m O—J •-l _l -^ •* —* O*—i » >-< Q >-l_l H-t K- •
a: 00~<0 ~»UJ> + UJ> + OO-^O" II > ^-1 >-H> LU «• ZLO
o> rn -H-CMO 3«UJ~ I—iLU~ I— r\jO<t«->LU II II LU >Q > <<-<
•ill r-4 > + — a o.j -O-J > +^a_io o —Q UJ <-ILU _J—
~Q 1 mooo Q— >-iLU .-»i iLU UJOOOWOm o ^->— -H 0_l«\JQ o-z:
-I--. o QO<< * _i— i-i JwH ao<<.-;r o-» «K •— + <--_J •*—
<
KH<
*Hw < M-|-|- ILUI—
—
UJI-^- M-l-l-IOk v0 LUh-LU ^.<rr|w _J
•O 1— ^0*-tH -*'-'ZCL hZZ -OHH-tOZ r-( CCZ.CL OO'HO LUQ.
t-l- t—
<
_l • • • •w<00—<QO I • • • • »-<t • -0<I<< \0I— •• II f- Z*-1
-IX 1 LUOOK o»a._j ii r-z_i ii r- luooi-ooj or-CL—io-r-xo-Jx LU -1 r»
• LU--_l l/)LULUO U-OCL-.ItiQcl— ro C0UJLUOLUOCL—4UJ(-r|U0Q.00rr|LUO LU Z5 f- Qir-ir~-
\— h-cciu |— • • • tw__J ^•"H-«_J I— * fc • * ^ ^- i + m — >-i H t— OOH- ZZ OLUCM IIZ ID"-" [/)</)«/) zz luoz 'jjo cOoOoOZZ OOOZ LUO OO mq: OO II 00
~-_l>-l II OJZZZ Z<-)»-l~<I_Jl—1(- 0_JZZ.-iZ<-J'JOH<-Jorh_JCO((1-J-•i-o OlUJ^O
«—_! -—1 II _Jwww ^-_I_J—
<
_J_J— II _J—— w~-_l_| II1 ••^ _l_J< _l II _ia:ZH- OnQh-_IQ-
u.<.rnuj 1/I^U.U.U. a.cL>aai
_JQ_<1.<£0 l/K. UL U- U- LL CL <I <_) LL CJD-<.Q- U< ^ 0<l LUUliJ^3ZWM
•-•o —
1
ZO"-"-"*-* mmU30«0Q0 2U |-"-|M|-|,-, 0'J)i-iO t-<L)l/)0U^QL)M OIXliJl/)>-<i-iM
CM CM
O rH CM vO r» O cr> O
r- r- r- r- r- r- co O





























cc HH •* •>
UJ •• O ro
•—
1
tU CO z H
•" OC «— •q. M
cm fl < C\J ^» _j •• —
*
#• + a. i- QC Q. a.
i—
i
.2 00 "• LU < UJ
*>
_J %* » ^^ H 1- »—
«
OOO 00 _l — n O t—i *
Oil »-H O -i m Q-— •k f\l
a.—
»
II -*» O ro •^ OOCC oc ••
O0~3 z oc O — CM LU »—
«
.-1





00 + *—t •• »—
<
CD l_l •- \~ co
z-' <-.(/) •» o—
o




f0 OZO •» s: - cc •*
O0< —.Q. •» »-*x •• .-i O-l •—
t
r-l
»-«_J r\Joo OvJ z_i~ r0 h- •• a roQ_ m« »» QUO •<• 1-vO •»
om^-n-" • ii o i>mO tNJ Ol^- t- CM
It CI •—
-
Ooo r- Cl •"—<-^» •k QCMJQ •• ^c •»
-»ni-»co LUO •» oa— vf ~-> LUlJ> J^ <t -~
-j
->o •0- 0> i—iCf^- oo h- f-m Q. 00
•o *-o Zoo M ZlH^ «t -> oo<t *
•—•(— —<o -l<-i -» a: ZWQQ Sw cc luj- rn < *—
— w^, oo«» > co en •» »-f— •« CGOvJ LU _J _J •• •• CM
zozo •-«.-< ill s:~ « >C\I t»
—
O-l •-< LUO<0- < _l
<o<o wfM Q -«z«j-:>: LU_I~<J" v0_l> wozz H- _J
_l~JO • II »—
i
II —1->0> DJO- o«< OOO I —'OO < .-«>-«Q-OQ-O ocz «— ocs. o< »—i*—t(\JQ_ vOLL_J ZCMiJvJ-'-'O Q II LL
•—1 t»-H • O-l 1- coo- -'-l wLL -3 0>-<UJ •• QCt\JO'(>-' •—
1
_l»-i
-»a o •00 _J 5TOLU »-LU :•£-<•£> ...-.^o -a oo • k a
<UJ>UJ ,-»i i Q_—
.
z>-<i->o 2 «" i—* rOO> 1— O0LULU> > -0 o>
_) «LU • v0— s:m ~ »-LULU <(M^<f -^vOLU—
I





(\JX> o~ sQ^_jQ_J -Jl-< ~i0--M- O-J LU02 «LUO —
»
00
^"-t1 * -Ji-i -) •r<1 OSS HOCLwJ CDt-ih- LOST <"<">>-<< OO -~_l»-i •—1 -J • *•—»
•> »• J_ •>** »>i
-ia . oo.-i •o>'?l>-'< <^os—
o
i-<^.^cjQ->* *~* <r *^ r-i—
<-!.—(s}-|—iOm + luo UJUN + O »-aoo UJUO-iwJQ.O«- —oz<s:a iZ • z HO
II n .w-t-~»;2 «LU z:>-iccocluc\joh-«" Z<>hZ'
-•3CH-0 _l •<h-OI~ Q —
1
Q II h-
-)>-lCl21X.Z.—IZ • LULU >-h ajcc 1 • .-... XO -i(— < OXO luoji-iux 1- II IPLULUX
LU<0J<W_I20D i—orxsa-~»luo i— ~> oc _i oc:o uuo OOJJOO | LU _!-. -Jr-t^OQCLU
-or-- • • i— —i
*
-ioOJZZZ DUJZZcQUJt-l-OZ O «-LUCLUJ>-<(— OOH- • ool— 1— U.Z II II ^<H-
Kinza. a ii >—< oo •—< •—< a: OO II s:o< oor aoio>-<iJ •£) 00 u_ 2:0 < l-l,—*^-«.'>— Q.
(<1roZ»-'_j'—.ZTw-l-H-O oclu<icc<£05;..jcoo CC>-HLU •]jj<_I'-iii_iz:>-'—o_j J—IO^TOh-oO—l
—'~-_j~».J— ZZt-QOJKi-a: 1—U0C-I II t— OlDCiI 1>-i~_j ii _|w ^- _J _ICL —*— ZIIJ
UOU-UL<lU.Wa.U.uaLiJZOZ<iLLZO<^UJZJKZC0Z<l<^W<IU.^U.Y< <!•-'UD.Q.UO<QQmmumi—>•—1>—Kjoanji/iwQZ : •-. LU ULO^ Of. LUO') i-hvJ-ihQO^ZUmUmZO 000000





(n rr>rr) o 1-1 (M
(n roro o> 00 LTs ON
88

— m CM •» •^
-*• «r _J *^ >r »
• »
-1 o •» z
h- H- 4—4 » i- z2 Z U. o z •»
O-F- -^ •—1 CO <^ Q.
CsJ CM m w CM -•
1- 1- CM CM t- X
•—
1
1—4 1- e- i—
•
<-0
•* •• t-i »—
»
•• •»
•*-* *-* th •. —
»
CM
m CO O -~ co _J
•• 4> <. o • _J




^ *-~ «* 4* •w w •-H
CM CM CM a: cc fNJ ••







. It ^^ #- (- 1— •• f-H <
CM -* Of.—. •» » -» •* _J «-»
_l CM LUCM IX -» CNJ o Q. QC
_i~ • 1—t 4» 4—4 fH •> < LU
»->o 1- I— Q co I- 1- h- 1—4
u. z CMZ O w z w O •»
»-<o »-->•' •W* •* CC ~«« •» cx— CO
••CO CO i-4 CM ^ 4—4 CM a: ooa: »





-i>-i Ql O •-H o z LL>-t •«1— •* •• »- o •» •• f— <I O -T
<>-H -•^ CM— <1 <-. e^ <.x - _l rH o z
»- —
.
CM— •* o— — a. a. s: *• <: -«<— i—
I
M < CM-t #-H t-^ •-H O-i r- _
i
cc
om k CM " 1— »^ •M no ^—
,
i- •• CM Q. LU
-<m r- Hh < OLO K ^vJ-O CMLO t-vO «• 4—4
*.^* z -z o COr-( Z ii ii •> _JLO or-- CM 1- #•
OCM •^ <»'^ M ^^^ ^*" ~-»^
_l»* CQ •* * o 00
<_l CM i/rAj 4. iiZ CM (/)(/)< i-irM O -» Q. z
t~-J K 2h z << H ZZQ. LL_I l-CO CO 00 *•MH 4—
4
-*. 4*4—4 z a._i M -^ •. »o •-•-J < <r — O
u. —» a: -fCM^ •» oa. »— (^ Or-lr-K ••i—
*
^ co «_• s Di •«
>-t CM LU •J-—-CM > O.M CM UJ r-<>-.«-. ,. >LL m_j • CM o LU f-l
LU _l i—(
-4-<_J LU »- • _l H-< cO<<< LU»-h o<o. _J DC mO0-»
_l *cA t— _J Q —.*-* _l ••'-1 Kl-i— Q ^ OZi _J LL cooo
•-"O »— L0>TO<t-' i— Oco H-f (^HO<« *-H-»-» ooo >-•>- OOCO<<
W(\J LL Z-thQU. -* CMst LL Ztnf-QQQ wvj" •0>-<0 LL<0 z zz





-4 »—*»—< LU » OlOM >-"_JLU ozz
U-vO » ooo • 00 vOCL •. r-llDO— •- 1—LO-.x0 LUI- Ol— •
z-* > •j-o>> 4—4 —-—li—
i
> i— OcQO> LU.-ICOOUJ> >OLU z>Mv LU > — LULU -JO0—X LU > — cxz:lu _l—
w
•Oh-LU LU -J >0'-'LU
o< o UJOOQO IZ<W a UJOU>-l<Q lu2:cl-k-luq O-JOI LUO O
<r- 4—4 00<MM <I h- —1 QU«Ih Q<?-rn_jh-. "JO O— Qi 4-4
< *^ 4—4«-»|—w ^- z<-» >— t—4.—KXX~- JOSH- —
<
^OLU~"
UJQOO wOwOO UJ<QlAUO la^tZ>—><Kt^. lucxoclsto OC!lu «-• «a3>—
4
Z-"<r- _l • •(-!- z_j"La<i(—
_l • • • • ZWH^QI- 1— ..CD JOSI-H l-X luart—XX 4-<CL »-t—x LUCJt— OCJt— *—
4
oox xc1 LULUOX
t— o:>-iuj—i OOLUOLULU— h- 4-4C£CM>-4LU-» OOLUOIULU_J 1— QiO-O LU LUOO 00 »ZLUZ OUJ | 1 \-tx K • •!—KOCZ 3 LU_I 1 \-ct t- • • • •LL—Z Z)LULU >-i 1— (— 1— Ol- 1—00 1—




I— 0031— II _J II _Jw^-_j_j ..J—QtHXK LL II —I •- II _J——«-^-_J_Ji— QCUt— I— (— _l _J II < II _J _J
uizdzh <rooo<iLLLL<i<cMUJz:ooo^:>-'i— <icooo<iLLLL.Li.LL.<Q.Lu^:_j2:«d:<a^< <;^ oo<3.lllu<i
Qf.LU004-42:O ZO'-"-'l->0 iXUJOO •-* ZO ZO «—••—••—«•—•O '-'CC LUOO 4-4 4-4ozu OiiiiZO—'CtO
CM CMCMCMCM CM < 0
_) 4-4 t-
C0 Q. OOO
•4" lA O <-i CO






















O Z «-<U. O
Q- • ->-< O
oo or > z o
UJ UJ> CL :*£ JO CM-* O «-<f\lZ • OLU 13 >l_> MU.O ^Z + O UJ 00>-JM lt>-^ »-"0 O I— LUO0C + COOO_JOO X OOOUJLL OCUJ
~t^~) «— i-i O UJ QZUJ_JO>02[D3:(M UJ 3CMfMQcQ^-l CM LU>
a. •- - - i— «— »• oo M>oo"-<oi/)wiy)ffi A t/>mm>-«o i o +hmo
UJ^^-i^h ^O MOa>f<100Qft QSSli II Z#20 Q NO5:OO*h((1||«||J2000






um^i-<i-hJ_iD ujs:ujujujuj<r>;3<<<<<<2: s: ujujuJ5:-s:<<30<<ct:ujujujQ
< —ZZ-JJH QO^iXrvir-jrvlMQ ct (XI— kUh- Ot—U <X M^MCJCJQ>Z OC OCilQI- CCM'-grvIZ




u. »-;> >m m t_> u_
CM—
<
UJO UJ_JCC _J UJ jS O
men 5:5: acouj o Q oo uj









t • • tr-4
o
o l-(
z CM o r- +
Q. v:a' + _)oxo r-o<f o
rs >OUJJU-OU2 r-so LU
a K oioaocQOiHi/) r--ooO X
is III ozwwomii/j sr-ixxM IXI
•^ 00 h>ZZhQ3ZWOZM A




CO CM (NJQ CD r-l CM LULU




LU5iLULuujLULu<2:3<t<<o<<ci:<5: s: LuajLU5:x<<irxzx<Q:LULULUQ 5:
OrxlOCrMMrvirvlrvlOct CC\— \— dCC\— Oh- h- (_) IX NJNNUUU><:Qia(XQh-Ci:NrslNZ ••
OCV.CDCLQ.CLCLQ._iaJCQLOLO_Ji;oO-JUJWOUJ CQ CL Q- CX LU LU
_J <•) CO _J OJ _J CO CO CL Q_ Q- UJ Ct
CO X
Q<O QLU 00 LL<h-U> r^- CM
CO 0000 CO 00<0 r-ICMLH
LU_JO •ITlsOCO •





















—< cm in <<
^ro cm o» >
r-i r- cm in ujo
IC\—*CT> m co
_jo
r-i _i f«- rn r- oo oolu-h-






i—l i-» f-t r-4 i—I CDO
<o
CMCM MMO# t-ir-ii-lrO.-i»-<
COCMCMCMCO CO CMCM CM CM CO CM CO CM CM CM •«
iu -j-incoco
O-ft
„_,^_i_i„<,_i„4_i _, „| _i o 'H -h —J ^-<OO (O CO-J-sOOCT'vO
_s-«-#cmcocmcm'Hcm
o o
_J* CX CM CM CO -••-< CM
—ICMCO
H-. UJ-Tf
_l >- 1— CMO^O^tNJ-A
in in D _ltt < r-KMCMrorO
>OrO»-i C^cor- -4"CM co cor~>*-cM < LUr-<h-
•o -« >*m in .-io «o>-t «^h ti-toOrH a: :d#oo
o •••• «o • *o «o •••• a u.
> •« a1 C>a-C3<M!MC\IC\jr\l'M
ininifioo-^otninominomoorointNjr-i ,_i„i,-_i_< .-^h
•om cm NHrwooinoo^oooo?oooooJ* *
coaoor--<7>'-i-3- cm^- cmcm ro^HOOo-4-o--i-HO'-t'-io^oin>rr-ic\irri_ia^
-4--£> •aD^Ov}-C\J(MvfOvOrncor«-rOvf ^t LUU_LLU_LLLLU.LLU_LULLLL.U.IL.LL.LLLLLLLLLL<4;- Z-^—laD-TO-H
oo • ••-( • • • • »o • r-t co co in r—o
o
<i cM^r^o
• I I I I I I I I • I 00 _l
>tt rOsOCM>OOOCJ>O O <LU# CMCOCMCM'-I'H
CO CO X _J>
n}- oo oo X ^ o Q-O nJ-cocmcm—c^O "• < W£#
< LU (-h-H-LUO Z Z lu o cd o h-incMor-—ivf
I
s
- 00 f— LU i-tf-4CMCOCO
r-( r-4 OO _J
o o o o o HOZ
o o o o o <^o
CO in •+ in CO k-<OC\JCMCMCMCMCM
r-4 rH l-< —< O 00 #
H-O-K-
r- CO r— O CO 2QLUHHHHHH
in co in ^o vO-o no o o<i.t—
COvOst (OCOsJ-CM-4-rf)r^<}-(Mv}-rH .-< rH r-t r-l t-H # LU
•-i tO"-<>i-in ihoohoho •—i iho t— jHHHom»o
•O • • • »o • • o «o • »Z Z Z Z Z < LU mxoo
.-KMrn-ruM-nvr r-<c\jm-j-ir\vor^cuxor— co<-t(MOQ r\jrncic\jc\jrHOOOOOOOOOOOOOOOOOOOOLL.
cm—<>~i'Hf--t ^c\l cm coco coco CO rococo*^ -<.-h cmcm k: :£# -^-r-icMrOr-i^
in cm cm cm>t >-«lucl.
rocco-o<r-<>r >rcM<r «tox<x<xx<ixx<ixx<i<x<x<xx oo
Ovj-vo •cor-vrcMCMO-j-ooror--r<-ir^-o • ozt— .-t^r-st-oro
t • «^ • • • • • «o •^rOinr--r~ • ^%<loo -H--<cMcOrO












<j* cmm la co co o co^ oo
cM-j-cMO-Ovl-invrcM"-









-T -T >-< <\l tf> CO Is" -nt
cocr^j-o^^cocorQ-^-vO
<J> ^O Is- <r




co <-<o r- p~ r— >o Is- vo r«-HHM | | | (\|CM
I I
cmcm o^cor-c\j<j-<MOLAsO(Mrnr^^-m<rcocjN^ rorococo .-<coco co<M •
^-i en co >r r^o ir\o ~o cm vr coom vj- co co ir>
cmr— r- cm iHo -J* r»- r>-&m tr*oo cr* r~ oo r—
f-»t-« OCOOOsO.-lvOCOmrnO.-irOrM'O J>CMCMin CMCMCMCM^H.-t'-l.-i>-tr
o^rocM^-r-t^vj-ovO-Hco^cMf-cjNvororo
ooo .-i in r-Hmining i
vOlfN r-li-l'-H
<COr-OCMCMOr--C>C* OCM^t^invOO^vO^






























ro co f>-oo Is- a^ ro -o o











cm in in co
or^-f-HvO































-j-cor- rioo r-io-t o co ro co ^^vJ-cm^- ^-icoco co cm rococo co cm cm
co>j-inr--cMCT>cocovoc>cMtMLno^inoooo«J #
sO-^c?>>oin^sOc^cooDO(OincMr— roinrn-J"--H'-i'-i'-<cMcMCMfMCMcOLn
















CMr-^CMCMCMrH r-» I I [ r-ICM
I I I I II
coooors--4"ino>'vOinocor-co
vj- COOOOO -H <M <fO CO r~ t-t CO
in-Ovj-cMOcMcor— —icomincMco
CMOr-—ii—ivO^r^Oint-iCMvOO^CM



























comcor— r— rocoa>in<3sO > ^


















































or-cM^Dcnr— r*- co c^ cr\ o> co r— r— oo lu<j. o
iMr^iM-HfM^ i ) i (MCM^Hvrr-ocor-inroc^vo^ •» zqhzx|l|(- || r-Hr-«r-<CMrOrc)srO* —«CO_J<[UJ
» o>u.iz
001^
























































r U(— at ^:lo
LU ZQM Q LL
o LULUO- LUO
< LO(/)r5< 1— 00
a. D i-Ua _J> _J LU LU
o:ia/Q.cqllx2
K >-a_ to rt-oX CD Oi-hLU









••-< LUQ •-•>-> LU •
LU_J'-' _I<_|Q- T LU




»- 00 l-QQC-Jt-ZLUXIh • LU <>-icQ
LUI- 2 OK-LUI-X
Z—<7^.nj 1 nr_iXiy>ooojcoaa«h r^Lu
o •-"I— LUO QOM
1— t-Ii.CDQO<K<
UOii UJ2Z3 CC
o <i-i<00h- «-iC?> X
ty Ot_ICX_>l_>XoOCDQ_
LU 0»~ LU'_) r
o KLuo<_jr3 ;slu















































1. Applewhite, Philip B.
,
Organizational Behavior, p. 100-106,
Prentice-Hall, Inc., 1965.
2. Naval Air Engineering Center Report 7375, Exploratory Study of
an Automated Carrier Aircraft Deck Operations Control
Systerr)
,
by C. W. Rainwater, 21 October 1966.
3. Naval Air Engineering Center Report 7453, Systems Definition of
Carrier Aircraft Deck Operations Control System, by R. S.
King, 21 April 1967.
4. Naval Air Engineering Center Report 7466, CADOCS Subsystem
Requirements Studies, by C. W. Rainwater and G. R. Ruddick,
26 January 1968.
5. Naval Air Engineering Center Report 7536, CADOCS Subsystems
Parameter Definition
,
by C. W. Rainwater and J. McShea,
24 March 1969.
6. Naval Air Systems Command, R71-040-II, Final Report Carrier
Aircraft Support Study (CASS), Communications Study, v. II,







1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, CA 93940




4. Professor D. E. Harrison, Jr., Code 61Hx 5
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, CA 93940
5. CDR Wm. B. Fletcher, NAIR 420 1
1421 Jefferson Davis Highway
Arlington, VA 20360
6. Mr. Rudi F. Saenger, NAIR 1160 1
1421 Jefferson Davis Highway
Arlington, VA 20360






SECURITY CLASSIFICATION OF THIS PAGE (When Data 1Entered)
REPORT DOCUMENTATION PAGE READ INSTRUCTIONSBEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER
4. TITLE (mnd Subtitle)
An Interactive Graphics Approach to the Flight
Deck Handling Problem
S. TYPE OF REPORT ft PERIOO COVERED
Master's Thesis; March 19" 1
6. PERFORMING ORG. REPORT NUMBER
7. AUTHORf*;
Thomas Joseph Giardina, II
8. CONTRACT OR GRANT NUMBERft)
9. PERFORMING ORGANIZATION NAME AND ADDRESS
Naval Postgraduate School
Monterey, California 93940
10. PROGRAM ELEMENT. PROJECT, TASK
AREA 4 WORK UNIT NUMBERS





13. NUMBER OF PAGES
99
M. MONITORING AGENCY NAME A ADDRESSfU dlllerent Irom Controlling Olllce) IS. SECURITY CLASS, (ol thle report)
Unclassified
ISa. DECLASSIFICATION/ DOWN GRADING
SCHEDULE
16. DISTRIBUTION STATEMENT (ol thle Report)
Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (ol the mbetrmct entered In Block 10, II dltlerent horn Report)
18. SUPPLEMENTARY NOTES
19. KEY WORDS (Continue on reveree elde II neceeeery mnd Identity by block number)
20. ABSTRACT (Continue on reveree elde II neceeeery end Identity by block number)
Present communication networks aboard aircraft carriers introduce
inefficiency into the aircraft handling operation. A previous study, named
CADOCS, failed to solve the problem by a method involving computer sim-
ulation. This study proposes a solution to the aircraft handling problem by
use of a system of computer graphics terminals and interactive or "man-in-
the-loop" programming. The study includes a proposed communication





EOITION OF I NOV 85 IS OBSOLETE
S/N 0102-014- 6601 I
Unclassified
98 SECURITY CLASSIFICATION OF THIS PAGE (When Dele Entered)

Unclassified
fbCUHlTY CLASSIFICATION OF THIS P»GEfHTi»n Dmtm Enl»rmd)
20.
available, a discussion of interactive programming, and a preliminary-
computer graphics program for two displays in the proposed system.
DD Form 1473 (BACK) -. . ... .
1 Jan 73 Unclassified
























An interactive graphics approach to the
3 2768 002 02859 9
DUDLEY KNOX LIBRARY
t
